


A GENEALOGIC STUDY OF DRAGON-FLY WING 
VENATION. 





By James G. NEEDHAM, 
Of Lake Forest College, Lake Forest, Illinois. 


INTRODUCTION. 





a 
This is a new study of one of the oldest subjects in entomology. It 


is an application of the methods of comparative morphology to the 
interpretation of some external characters universally employed in 
systematic work upon insects. 

The richly veined wings of dragon-flies have been carefully studied 
by many able entomologists; their interesting peculiarities are well 
known; the homologies of the various parts of the wing have been 
determined throughont the order; and there already exists a consider- 
able body of evidence as to the nature and extent of variation in 
lvenational characters. There has been as yet no serious effort to use 
lose characters to determine gencalogic succession within the order. 
! [t is the main purpose of this paper to translate the records of natural 
‘selection as written in the abundant characters of these wings. 

At the outset I wish to acknowledge my indebtedness to the follow- 
png ventlemen, who have all aided me generously: To Prof. J. H. Com- 
stock, of Cornell. University, I am indebted first of all for constant 
advice throughout the progress of this study; to Mr. Samuel Henshaw, 
of the Museum of Comparative Zoology, for free use of the Hagen 
Collection of Odonata duriug a stay of two months in Cambridge: to 
Dr. R. T. Jackson, of Harvard University, for similar privileges in 
the study of the fossil Odonata of the same museum; to Dr. P. P. 
Calvert, of the University of Pennsylvania, for the loan of valnable 
specimens; to Monsieur h. Martin, of Le Blane, for the gift of speci- 
3. H. Scudder, for the privilege of examining the 
ata in his collection, and also some of his original 
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mens; and to Dr. 
types of fossil Odon 
unpublished drawings. 
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I. THE ONTOGENY OF THE VENATION. 


HISTORICAL. 


It is pleasant to find that the first contribution to the knowledge of 
developing veins was made by Dr. Hagen. In 1846 he published a 
little paper, a page in length, entitled Ueber die Bildung des Geiüders 
der Libellen-tligel.“ In this he wrote that by simply rubbing the: 
expanding wing of a transforming dragon-tly between the thumb andi 
finger the two membranes of the wing may be slipped apart, and it 
will be readily seen that the venation is double, i. e., developed alike: 
in both membranes, and that the double network thus formed is united: 
and exactly coincident along the courses of the wing trachee. At this 
day one who wishes to see the relation of veins to trachew can hardly! 
do better than repeat this simple experiment. "Thus he may at least: 
see. a thing too little comprehended hitherto, that the trachere passing. | 
out from the body cavity into the wing cavity are essentially internal | 
orguus as compared with the cuticular ae podermal) thickenings formed | 
about them constituting the veins. 

Oswald Heer appears to have been the first to use the Wines of 
drigon-fly nymphs as an aid to interpreting the homologies of the adult) 
vention.” He made no use of trachea, however, but only of the. 
veins marked upon the exterior of the wing sheath, thee being essen- 
tially the same as the veins in the adult only served to confirm him in | 
an erroneous interpretation of homologies. : 

— first figured the tracheation of a nymphal wing.^ His figure | 
(of .Axchna cyaned) was made to show tracheal distribution witho 
reference to venation. Itis in several points incorrect, and a chance: 
remark in the text shows that Roster did not perceive the order which! 
exists in the arrangement of the tracher.¢ 

In 1588. Brauer and. Redtenbacher published a paper on immature 
insect wings, using mainly a species of /Exchna to show the fe of 
Adolph’ s theory of alternating convex and concave veins.’ Of the 





! 


í 


«Stettiner Ent. Zcit., VII, pp. 115-116. A similar paper s D Hagen, Kung. 
Bemerkung ueber das Fiügelge 1d der Insecten (Wien. Ent. Zeit., V, pp. 311-312) 
was called out in 1886 by the theories with which Adolph and Redienbachon had 
encumbered their useful w orks upon the homologies of the wing veins in general. | 
Then in 1889 he published (Spaltung eines Flügels um das dopplete Adernetz zu ` 
zeigen, Zool. Anz., XI, pp. 911-918) a similar article with a figure, showing the siti 
facts set forth in all hes papers, 

^ Heer, Oswald, Die Insectenfanna der Tertiargebilde von Oeningen und yon 
Badoboj in Croatien, Neue Denkschr. Schweiz. Ges., XI, 1850, Libellulidie, pp. 
26-59, pl. 1v. 


“Roster, D. A., Contributo all 'anatomia ed alla biologia degli Odonata, Bull. Soc. | 
I 
| 








Ent. Ital, XVII, pp. 256-268, 2 pls. 


d Nando In questo percorso cinque o sei diramazioni ehe innervano intreceiandosi- 
in rario modo, la superficie dell "ak [The italics are mine.—J. G. N.] 


* Ein Beitrag zur E ntwiekelung des Flügelgeüders der Insecten, Zool. Anz., XI, 
pp. 445-447, 
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wauches of a single main trachea, some were shown to be incorporated 
nto convex and some into concave veins. Thus disappeared the fun- 
lamental difference which had been assumed to exist between the two 
kinds of veins. 

Brauer and. Redtenbacher also affirmed that the homology of vems 
m remotely related insects ix only to be determined by the study of 
their development—a suggestion which has until quite recently been — 
renerally commended in theory and more generally disregarded in 








»raetice. 
; Brogniurt, in his Etude sur la nervulation des ailes des insectes,” 
igures both the tracheation and the venation in careful detail, and 
points out the close correspondeuce between the two. He fuils to 
recognize the individuality of the veins and trachei. however, desig- 
nating mere branches as independent veins, and he eonfuses the 
identity of one branch (Xs) by giving it a different designation in the 
two stages. 
| The foregoing papers have shown (without expressly stating) the 
following points: (1) The precedence of the trachee and the subse- 
quent development of the veins about them, through hypodermal 
elevations becoming paired troughs, which by fusion become hollow 
tubes inclosing the trachew; (2) the difference in kind, and (3) the 
correspondence in arrangement between the two structures: and (4) 
the fact that simpler conditions are found in the earlier stages. 

I have traced the development of the venation through a series of 
nymphal stages and have published recently. in collaboration with 
Professor Comstock. a preliminary account of it.? but must for present 


e 


purposes review the matter more at length. 
ONTOGENY IN GOMPILUS DESCRIPTUS. 


For the present I pass by all points of histological structure, not as 
being uninteresting or unimportant, but as being unessential to the 
specific problem now in hand. 1 shall deal in this paper with facts 
that may be observed without the aid of sections, aud, for the most 
part. with no special preparation whatever." 

Six principal trache traverse the wing of a dragon-fly in all stages. 
These arise very early in tbe budding wing. springing separately from 
a longitudinal thoracic tracheal trunk whieh makes a slight bend 
outward to meet the base of the wing. These trachew and their cor- 





t Recherches sur les insectes fossiles, ete., Paris, 1894. See especially pp. 204-208, 





and pl. vu. 

b Comstock, J. H., and Needham, J. G., The Wings of Insects, Amer. Nat., SANTI 
and XXXIII, 1898 and 1899; Art. Odonata, XNNAT, pp. 903-911, 9 figs. 

c'The only preparation necessary to demonstrate the facts eited in the following 
pages is that of the wings of nymphs, which should be removed fresh, mounted 
quickly in glycerin jelly, and cooled snddenly (to retain the air in the trachee ), and 
are then ready for observation. 
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responding veins will be designated, beginning at the anterior margin 
of the wine, by the following names and abbreviations: 

|. Costa (CL), 4. Media (M.). 

2. Subeosta (Sc. ). 5. Cubitus (Cit). 

3. Radius (R.). 6. Anal veins (.1.). 

Typical branches will be designated by added numerals (as M, Jf,’ 
JM. and M, designating from front to rear the branches of the media), 
except the posterior division of the radius, which has received thei 
special name of "radial sector" (Z5). Accessory and secondary” 
branches will be designated by small letters added in the order of ther 
development of the branches (as Rsu, Rsp lese cte., for the secondary? 
branches of the radial sector). 

Fie. 1 represents the trache in two early stages of the development} 
of the nymphal wing of Gomplhus descriptus. A is from a nymph less 
than one-fourth crown, the wing 1 mm. long. The trachexw so closely: 
resemble those in the developing wings of Insects of many other orders: 
there can be no doubt as to their homology. The radial sector is; 
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Fig. IL.—l'RACHEATION OF THE WINGS OF TWO NYMPHS OF (Gomphus descriptus BANKS, TWO EARLY 
STAGES. FOR EXPLANATION OF LETTERING SEE TEXT; ALSO, ?? = NODUS AND st = SUPERTRIANGLE. 


simple —it is generally branched in other orders—and there is a single: 
anal vein. In other orders there are oftenest three.“ Otherwise the 
tracheie are entirely typical at this stage. It is worthy of note that 
at this stage the wing is somewhat bilaterally symmetrical and the 
tracheæ are of almost equal size and length. | 

Fig 1. B is from an older nymph with wings 2 mm. long. The twe 
marginal trachew are reduced or, rather, outstripped by their com- 
petitors, the wing has become quite unsymmetrical, and the radial 
sector has come to lie across the distal end of the media. 

Fig. 2 represents the tracheation of both fore and hind wings of a 
grown nymph of the sume species. The costal trachea is so dwarfed 
as hardly to enter the costal vein. The radial sector lies back of the 
two anterior branches of the media which it crosses. The othei 
trache, also, are assuming their definitive positions, and some of them 
are becoming strongly angulated at the middle and toward the base of) 
the wine. 

These three stages show clearly how the primitive insect wing has 





* Probably the three terminal branches of this trachea represent the typical first, 
second, and third anal trachew fused together. 
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een inoditied to produce the Odonate type, in which the most anom- 
lous thing is the erossing of the radial sector over two branches of 
he media. I can not now suggest even a possible reason why this 
hould have taken place. It is apparently a character quite dis- 
inctive of the order Odonata. 
| A photograph of fore and hind wings of a grown nymph of the 
ame species, showing the trachew and the veins together as they 
ippear during the last nymphal stage, is reproduced in Plate XXX l, 
ig. 1. This will assist greatly in comparing the adult wings shown in 
ig. 3 with the preceding figures. This also shows that certain well- 
known features of the dragon-tly wing are due to strong cuticularisation 














Fig. 2.—FoRE AND HIND WINGS OF A GROWN NYMPIL OF Gomphus descriptus, SHOWING TRACHE.F. 
THE PERMANENT VENATION WHICIL SHOWS DISTINCTLY AT THIS STAGE I5 OMITTED. 


between the trache:w. Such are the stigma (s). the nodus (.). and 
parts of the arculus (d7.) and triangle (/.). 

"Phe radial sector.— In the adult wing (fig. 3) the radial sector appears 
to be a branch of the media. It has always been so interpreted. The 
only indieation of its connection with the radius is the persistent 
obliquity of an apparent cross vein. between veins JM, and Æ. This 
EUR Lt not across vein, but æ part of the radial sector, while the 
longitudinal trunk (5».) extending proximally from this point to con- 
nect vein Rs with vein Mf is not homologous with any principal 
vein, but is a secondary structure developed for mechanical advantage, 
There will be seen in the plate a recurrent tracheal twig preceding this 
structure. 


aThe plus sign ix thus used as a convention for indicating united. branches or 
trachee, the numerals it connects designating the branches conjoined. 
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alreulus and triangle.—TVhe radius and the media tend from the first 
to unite at the base, and in the adult wing appear to form a single vei 
as faras the arculus. But even in the adult wing this vein may b 
seen, as pointed out by Brogniart, to be composed of two, whose unior 
he aptly compared to that of the barrels of a gun. Media suddenly. 
bends away from the radius and is met by a cross vein from the cubi; 
tus, and thus the arculus is formed. A similar deflection of the cubita. 
trachew just beyond the arculus makes a place for the development o& 
the triangle, which is completed by two cross veins approximated upor. 
vein JA. Thus only the upper end of the arculus and the inner side 
of the triangle are formed from principal veins. 


















WO 
ae a SACO = 
MET rs NN 
" wa dp ut 
« 3 ^. 
A; 
A 


@ 
tn 
2 >: E) 


















(3 
me o * 
DX —— 







J— 
KZ 
—— 















Oces 
— 
—— aU, 
Cu, Cw, 
FIG, 3.—VENATION OF THE IMAGO OF Gomphus descriptus, P 


Trachewe and cuticular thiekenings thus combine to produce a inique 
insect wing, whose chief peculiarities arise from three transverse 
unions of its veins, at stigma, nodus, and areulus, respectively. Addec— 
to the usual thiekening of veins and corrugation of membrane at the 
front border, these three unions make the part of the wing whiel 
cuts the air and supports other parts very strong. It will be observe 
that at the stigma but two or three veins are thus conjoined, at the | 
nodus, more, and at the areulus (by means of parts accessory to the 
arcuus) all the principal veins ave bound together across the basai 
part of the wing. A line drawn from the outer end of the stigu — 
to the hind angle of the trianele divides the wing into two areas — 
the anterior of which includes the strone framework of the wing 
while the other is yielding membrane with weak venation, adapting the d 
wing for that rapid sculling action in air by which forward motion i 
produced. 
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PEES PUDY OF THE WING BY AREAS, 


These three points of transverse bracing are also the points about 
which have played the forces which have evolved the dragon-fly wing. 


They are the points about which one can best follow the shifting of 


veins and tracheæ. In a study of genealogy one can hardly do better, 
therefore, than to discuss the wing by arcas with these points as 
centers, drawing freely upon ontogeny, comparative anatomy, and 
paleontology for evidence of the changes that have taken place. 


THE AREA OF THE STIGMA. 


The stigma is developed upon the cutting edge of the wing at the 
point of greatest impact against the air. It would seem to serve the 
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FIG. 4.—PTEROSTIGMAS; p, OF fnar junius DRURY; g, OF Miathyria mareella SELYS] r, OF Neogomphus 
molestus SyLvs; s, OF Uropetata earoreí SELYS; 6, OF utgrion mereuriate CHARPENTIER, 9, OF atnoma- 
lagrion hastatum SAY; v, oF Thore gigantea SELYS; i, OF Mecistogaster tueretia DRURY; e, Catopteryr 
maculata BEAUVOIS; y, Mierostigma sp?; 2, Microstigmea rotundatum, SELYS, HIND WING, 


double purpose of firmly minting the veins of the front margin and of 
increasing the ethetency of the wine stroke by adding weight at this 
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str TT point. E7 shape and extent vary considerably and are often | 
characteristic of groups; but the stigma seems not to contain in itself’ 
such characters for the critical determination of the course of speciali- | 
gation as are furnished by surrounding parts. 

In the wings of the more generalized members of several families: 
of Odonata there is between veins Æ, and JM, a series of cross veins, - 
several of which fall direetiy under the stigma, and all of which are: 
nearly or quite perpendicular to the veins they connect. One of these 
cross veins which happens to lie at the proximal end of the stigma: 
waxes stronger than its feilows, and Is set in an oblique position in sucht 
way as to strongly brace the stigma against vein JZ. Three not 
remotely related Gomphine will illustrate the stages in the develop-; 
ment of this strong brace from an ordinary cross vein. In Æpigom-: 
phus paludosus (fig. 8) the proximal end of the stigma has no cross: 
vein exactly in line with it; in Cyclophylla diphylla (Plate XXXIV, 
fig. 1) it is in line, but little strengthened; but in Gomphus dilatatus: 
(Plate XXXIII, fig. 1) it has become a strong and evident brace. Al 
parallel series Tot be pointed out among the Æschninæ (compare 
such genera as Staurophlebia (Plate XXXIX, fig. 2). Dusceschna 
(Plate XXXVII, fig. 2), and Gynacantha (Plate NA XIX, fig. 3), ang 
the Agrionin: offer another parallel, with the addition of an interest- 
ing feature, which is illustrated by a series of such genera as Lesfes 
(Plate LIII. fie. 1), PAilogenia (Plate LIII, fig. 4), Argia (Plate LHI, 
fie. 5). and Vehallennia (Plate LIV, fig. 8). In this series there is: 
the same development of a brace from a cross vein; and, correlated 
therewith, a progressive angulation of vein J/, at the base of this 
cross vein, forming a triradiate brace at that point. 

An entirely different method of bracing the front of the wing at the. 
stigma has prevailed in a few forms (7hore, fig. 4, v, ete.). The cross 
vein. below vein Æ, is not utilized, but the two veins bounding the 
proximal and posterior sides of dn. stigma are deflected so as to meet 
vein Zè, in a strong Y-shaped brace, "hut doubtless, serves a purpose 
analogous to that served by the other triradiate brace deseribed above. 

Fig. + shows at p the normal stigma of Anax junius, greatly: 
enlarged. It shows. also, a few common forms of stigma, both! 
braced and unbraced (y to 4). and a few uncommon and more or less 
degenerate forms (w to 2), which will be discussed under another! 
heading. | 





THE REGION OF THE NODUS. 


Here at once we come upon very peculiar wing features. 

The nodus is the stout cross vein near the middle of the costal bor-— 
der of the wing, joining the costa, the subcosta, and the radius. It is 
traversed by a more or less evident suture, making a flexible and | 
elastic joint which, without loss of strength in the parts which need} 
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rigidity, would seem to allow more effective flexion of the distal parts 


of the wing.^ 

We have already seen the trachea Rs descending at the nodus and 
crossing tracher J/, and M. The veins formed about these trachere 
bind them all solidly together. For convenience of reference we now 
designate that portion of the radial sector which unites the lower end 
of the nodus with the median vein as the svbuodus (su) and the short 
oblique portion of the radial sector appearing as a cross vein behind 
vein M, as the oblique vein (o). and the trunk secondarily developed 
to connect the radial sector proximally with vein JM, as the 
bridge (br). 

In the suborder Anisoptera we may then note that the radial sector 
fuses with vein JV, for a little way, carrying the oblique vein a varia- 
ble distance beyond the subnodus. Phe bridge is outlined in trachere 
of two very different ty pes, which are almost characteristic of the two 
families of the suhorder. (1) In all the ;Esehninie of which 1 have 
had nymphs for examination the antecedent trachea is simple, and 
springs from the radial sector near what will be the distal end of the 
bridge (fig. 5) and extends in a direct line proximally toward vein 
Jir (2) In most Libellulide the trachea which precedes the bridge 
springs from the radial sector near the origin of the latter (tie. 6), 
descends to the level of the bridge that is to be, forks. and sends its 
branches in opposite directions to meet veins J4,, aud As respec- 
tively. In the Macromime, however, it is formed by a modification 
of the latter ty pe, as shown for Didymops transversa in fig. TA. Fie. 
T B shows how. by a further division of the radial sector near its base, 
two oblique veins are formed in the Cordulegasterine and Petalurine. 
Compare also with fig. 28. 

In the suborder Zygoptera, so far as known to me, trachea /2s 
appears as à branch of the media, the subnodus, while formed in the 
usual place, being destitute of a tracheal trunk. The Zygopterous 
nymphal wing figured herewith (Plate XXXI, fig. 2) shows that the 
trachea As has, in this (well grown) stage, at least, no direct commu- 
nication with the radius at all. But if we compare the adult wines 
of the two suborders there can be no question as to the identity of 
the vein Æs, or of its homology in the two groups. 

The explanation of this at first. rather surprising state of the tra- 
chee I believe to be that the trachea As has been detached from the 
"dius and attached to the media. There are everywhere between the 
principal tracheze open channels of communication, formed by the 

a This suture seems to have eut off the subcostal trachea, or else to have dwarfed 
and diverted its tips. [In the cicada the subcostal trachea crosses the nodal suture; 
and doubtless it onee did so in Odonata, for the adult vein extends a little way 
beyond in three living genera of ;Eschninie (compare Staurophlebia, Plate XXXIX, 
fig, 2), and was well developed beyond in the fossil genus sLsehnidaun, The nodus 
when present in other orders 1s nearer the wing apex than in the Odonata. 
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universal anastomoses of the smallest tracheoles. Any one of these 





Fig. 5.—TRACHEATION OF THE NODAL REGION OF THE NYMPIIAL WING OF Anar junius DRURY, 





FIG 6.—PRACHEATION OF THE NODAL REGION OF THE NYMPHAL WING OF Libellula pulchella DRURY. 


open air-passages might become enlarged, should necessity arise for 
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the entrance of the air from a new quarter. And I think that m this 
vase the necessity may have arisen from the thinning of the wing 
enses of the slender Zygoptera, whereby the communication of the 
radial sector with the radius would be gradually pinched off. With 





the decrease of the air supply from the original source an increased 


amount must needs come from the medial trunk through tracheoles, 





some of which would be enlarged and one of which might finally 
attain the proportions of a tracheal branch, while the base of the 


radial sector would atrophy.“ ; 
Either the attachment of the radial sector to media wits made at three 
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Fic. 7.—TRACHEATION OF THE NODAL REGION OF THE WING. A, or Didymops transversa SAY; D, oF 
Cordulegaster diastatops SELYS; THE LATTER SHOWING THE MODE OF ORIGIN OF THE TWO OBLIQUE 
VEINS CHARACTERISTIC OF TIIE CORDULEGASTERIN.E AND PETALURIN.K. 


different places, or else, since its reattachment, it has taken a different 
course in each of three different series within the suborder Zygoptera. 
In the Lestinx we find it separating from vein JV, far beyond the sub- 
nodus, the point of its departure marked by a more or less evident 
oblique vein, and a long bridge tormed about numerous approximated 
tracheoles, mainly derived from neighboring branches of the media. 
In the Agrionine (s. str.) it separates. from vein Miş near the nodus, 
and there is neither bridge nor oblique vein, In Calopteryx it sepa- 


a Such shiltings of tracheal branches in insects wings are not unprecedented. 
Another instance will be cited further on in the case of the branches of the anal 
trachea. A case of the attachment of trachea M, to the radius in Pieris has been 
clearly indicated by Spuler (Zeitschr. f. Wiss. Zool., IIII, 1892, fig. 24, and Ender- 
lein (Zool. Jalrb., Abt. f. Anat., NVI, $2802. pi n, ig 20. ) 
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ates from vein Move far.to the proxim: il side of the mm and about 
in the more usual position of the proximal end of the bridge." 
In this group bridge and oblique vein are lost; but similar parts are 
found, as will be noted later, extending the attachment of the radia} 
sector to the media still nearer the arculus. | 





THE REGION OF THE ARCULUS. | 

Across the base of the wing a strong transverse union of all the 
principal veins is effected. by means of arculus in the middle, triangle 
at the rear. and antenodal cross veins at the front. Distinct timg 
cheal twigs precede the antenodals of the first (costal) series, while. 
those Z the second (subcost: ul) series are of independent cuticular 
origi.’ Specialization i is to he traced among these cross veins ini 
their reduction in number and matching in position in the two series, 
and in the hypertrophy of some of tiem to form stout triangular 
trusses, which entirely fill, in section, the furrow between the costal 
and the radius. Two antenodals, some distance apart, are thus hyper- 
trophied in most Æschnidæ, one at either side of the areulus; in the: 
Thorine, but one, and that one meeting the areulus: in Syn toil 
alternate antenodals are thickened, but to a less degree. Thein 
reduction in numbers will be discussed under the general subject of 
“Cross veins. ™ : 
We have already seen that arculus and triangle are formed where: 
bends in the media and the cubitus, respectively, are met by strong crost 
veins. We have seen that the medial and the cubital tracheæ are at 
first straight or slightly curved as in other insects, and that the bend- 
ing takes place late in nymphal life, at the time when the veins are 
forming. The genus Anae (Plate XL. fig. 3), while highly specialized 
in many ways. has preserved a rather primitive condition of the 
üreulus. It is composed here largely of cross vein, which the media 
bends but slightly to meet, and the veins Mus and M, depart from it. 
in straight lines. Media tends to deseend the arculus, and the veins 
Js and M, departing from it, become arched strongly toward the 
adius. In the Libellulide the branches of the media become fused 
at the base while arching upward. This may be traced in the stages 
attained by such genera as JVeocordul a (Plate XLII, fig. 1), Raphismia 
(Plate XLIV, fig. 2). and Puchydiplar Une XLVII, fig : D 'The 


a’ 
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“Indicating that in this group at least a recurrent TAG m as prec ed the 
bridge in the ;Esehnid;e, may have developed iuto the basal attachment of the radial 
sector to the medta. 

bIn other orders of insects cross veins are generally wanting from this space, and 
where present are very few in number. 

It will be observed that the tracheal twigs which precede the antenodals of the: 
first series are derived from the subcosta; those of the postnodals of the first series, 
from the radius. These tracheal branches are clearly the homoiogues of the longer 
anterior branches of the subeosta and the radius in the Neuroptera and the 
Orthoptera. 
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‘upward arching of the medial branches reaches its climax in some 
Calopterygine, when JMi+ after separating from V, again rejoins the 
radius; its basal part then appears as a cross vein, and when its trunk 
jagain frees itself it appears as a brauch of the radius.  /’sendophace 
(Plate LI, tig. 3), Culopteryr (fig. 34), and [Vestalis (fig. 41) have pre- 
served the steps by which such condition has been attained. 

In Ep/gomphus (fig. S) there is a curious tendency for these medial 
| branches to become conjoined just after their separate departure from 
| the arculus. 

In ail these tendencies cuticularisation outruns tracheation; the 
; veins become sharply angulated: the trachew much less so. This will 
; be clearly seen by comparing nymphal (Plate XXXI, figs. 2 and 5) 
; and adult (Plate XXXV., tig. 3) wines of Lanthus parvulus. 
















SERRE — 
VORHERIGE 
OA Tr o LO ATS 
— QUSE — 
SEIS ROSE 


FIG. 8.—Wi1NGS OF EPIGOMPHUS PALUDOSUS SELYS. 








The triangle has been called by several writers the ‘cardinal cell." 
and worthily, for it isa feature of cardinal importance in the Odonate 
wing.^ We have already observed that it is ordinarily formed in 
Gomphus and others of the suborder Anisoptera, between an oblique 
deflected portion of the cubitus and two cross veins approximated 
upon the hindmost branch of the media. Between the proximal one 
of these two cross veins and the areulus is a narrow space which may 
conveniently be termed the "supertriangle" (s, of all the figures: 
also ealled elsewhere ** supratriangular space”). 

The quadrangle of the Zygoptera. —1u. the suborder Zygoptera tri- 
angle and supertriangle bear different relations to xieh other and to 
surrounding parts of the wing. ‘Together they constitute a unit of 
wing structure. They are placed in line, not directed apart by an 





aJt is not always triangular, but the exceptions are few. The name is 3 very con- 
venient one and in general use, and I use it in a strietly technical sense without 
regard to shape. 


-T 
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obtruding angle of the cubitus, and are oftenest confluent through the 

atrophy of the middle cross vein. To the four-sided figure, whieh | 
together they always present, we will apply the technical term ** quad- | 
rangle” (y, of all the figures: also called elsewhere ** quadrilateral, andi 











FIG. 9.— WINGS OF A FOSSIL, UNDESCRIBED, AGRIONID GENUS, IN THE MUSEUM OF COMPARATIVE ZOOLOGY, | 


quadrangular space”). The fossil Agrionid genus illustrated in fig. 9 
offers easy transition from the conditions just seen in the Anisoptera 
to those of the Zygoptera, and renders homologies plain. Com- 
paring this wing with the fore wing of Tetrathemis (fig. 10) with respect: 






















UTRAN 
TEENA 


FIG. 10.—WiNGs OF Tetrathemis hyalina KIRBY. 





to the points in question, triangle and supertriangle are recognizable 
readily in both (though in 7etrathem/s the latter is elongated and con- 
tains an extra eross vein), and both may easily be derived from ordinary | 
rectangular cells. 

; 
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E ionida (Plates LUM 


middle cross vein being absent. 








i LIV) the quadrangle is undiv ided, the 
In the Calopterygide (Plate LIT) the 


middle cross vein is occasionally wanting, as in Anisopleura and Epal- 
| ; | : 

lage, but in general the quadrangle is elongated and contains numerous 
extra cross veins, among which the identity of the typical one is Tost. 


The quadrangle is gener- 
ally rectangular in this 
family, but in //efarina 


(Plate LI, tig. 4) it is wid- 
ened distally and convex an- 
teriorly; in. 77ore (fig. 35) 
and its allies, exactly the 
reverse. These facts are 
illumined when one sees 
what has been the behavior 
‘of the cross vein which 
terminates the quadrangle 
‘in this family. Vein Cv, 


FIG. 





11.—DIAGRAM ILLUSTRATING 
QUADRANGLE 
SOMEWHAT PRIMITIVE 


THE BEHAVIOR OF TIIE 
IN THE CALOPTERYGID;E, SOLID LINES, A 
QUADRANGLE; LINE OF DOTS, THE 
OF JTIickerind: LINE OF DASHES, THAT OF 
ARROWS INDICATE TILE OPPOSITE COURSE 
COMPARE WITH PLATES LI AND LII. 


QUADRANGLE 
RHINOCYPIIA; 
OF ROTATION, 


‘separating from vein Cv, at a right angle, and as suddenly bending 
again distally, sets off a transverse basal portion which is in direct line 


with this cross vein. 
hind angle of the triangle as 


quadranele described above are developing. 





— Vu, 
“Cu, 


Fig. 12.—DIAGRAM SETTING FORTH THE 
BEHAVIOR OF TILE TRIANGLE IN THE SUR- 
ORDER ANISOPTERA. TUE HEAVY LINES 
BOUND A SOMEWHAT PRIMITIVE TRIANGLE, 
1,2,3, 4, AND 5 ARESTAGES IN THE DESCENT 
OF THE UPPER CROSS VEIN. 17,2’, 3’, AND 
4d’ REPRESENT SUCCESSIVE STAGES IN THE 
RETRACTION OF THE CUBITUS AT THE TRI- 
ANGLE. ]", 2", 3", AND 4" REPRESENT 
STAGES IN THE RETRACTION OF THE BASE 
nuu. 11, 277, 3'", xxn 1"' REPRE- 
SENT STAGES IN THE ASCENT OF TIIE VEIN 
Cu, VP TIIE OUTER SIDE OF THE TRIANGLE, 


w ce, 


— 


and to follow the shiftings of 


The two thus joined rotate together about the 


an axial point, while the two forms of 

In /leterina (Plate LI, 
fie. 4) and Zuis the medial end of the 
cross vein has proceeded distally. while 
the base of Cu, has been retracted: 
Thore (tg. 35), Rhinocypha, Lestes. 
ete., the reverse rotation has taken 
place, as illustrated in the accompany- 

ing diagram (fig. 11). 

The triangle of the Anisoptera.— Re- 
turning now to the suborder Anisop- 
tera, and to the triangle as an individ- 
ual feature of the wine, we may follow 
with the aid of fig. 12 the changes that 
have taken place in it, bringing it 
from the condition of an ordinary rec- 
tineular cell to its present estate. H 
will be convenient to begin with 
triangle. hardly more generalized than 
that of the fore wing of Zefrathemix, 

Its parts severally. 


o 
= 


1. Theangulation of the eubitus.—At the dividing cross vein of the 
quadrangle, the cubitus tends in all Anisoptera to form an angle, 
which pushes triangle and supertriangle out of line, thus destroying 


the unity of the quadrangle, 


in making of it two elements of wing 


T 
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structure, The increasing angulation at this point may be followe- 
in the fore wings of a series of Libelluline genera, such as Microdipla 
(fig. 13), aInutya (Plate XLIV, fig. 2), Mesothemis (Plate XLV, fig. 9 
and /rithemis (Plate XLII, fig. 3). It is only.a little less evitaii 
in such Goniphine. genera. as clyr/ogomphus (fig. 27), Gomphoid, 
(Plate XXXIII, fig. 2), and Gomphus (Plate XXIIT, fig. 1). It Wi 
be observed that this deflection of the cubitus results in the widenin 
of the space between veins LM, and C», beyond the triangle. Thi 
may be seen in the aforementioned genera, | 

2. The deflection of the middle cross vein of the quadrangle.—1t : 
this process that makes the distal half of the quadrangle triangulax 
Successive positions of the cross vein are shown at 1, 2, 3, 4, and 5c 
figure. Such genera as Zetrathencts (fig. 10), Anatya (Plate XLIA 
lig. 2). Macrothemis (Plate XLVI, tig. 1), and Zphidatia (Plat 
XLVI, fig. 2) exhibit these stages. A similar but less striking serie 
will be seen in such Gomuhine genera as Agriogomphus (fig. 93. 








FIG, 13.—WINGS OF MICRODIPLAX DELICATULA SELYS. 


Gomphoides (Plate XXXIII, fig. 2), and Z/ugenéus (fig. 28). Thy 
cross vein has become greatly elongated in most Æchnidæ, resultin, 
in the elongation of the whole triangle, as seen in such genera a 
Gompheschua (Plate XXXVII, fig. 1), Brachytron (Plate XXXVII 
fig. 2), und Vusiæschna (Plate XXXIX, fig. 1). Thus this cross vei - 
has come to lie in such position that it appears in the adult wing ti 
be a continuation of the cubital trunk, and it has generally been s 
interpreted, 4 | 





@ Pentathemis membranulata Karsch (Ent. Nachr., XVI, 1890, pp. 33-35) presents 
somewhat unusual condition of this cross vein, in that it is declined to the maximur ^ 
and bent upward in the middle at its junction with a cross vein in the supertriangl 
which has niigrated outward upon it half the length of the triangle. This condition i 
very like that seen in the hind wing of Tetrathemis (fig. 10), only a little i 
advance of that, has resulted in the triangle, after once attaining triangular formi 
becoming again four sided. Clearly, it is not five sided as Karsch thought. Hi. 
alternative explanation (same reference, p. 35), rejected because the triangle woul 
not reach vein M, and the supratriangle would be in contact with the discoida 
areolets—a condition seen in the hind wing of Necordulia and Hemicordulia (Plat 
XLII, figs. 1 and 3) and in many Libellulinze—is the right explanation, and th 
name Pentathemis is the result of a inisinterpretation. l 
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| 3. The ascent of vein Cu,.—Vhe cubital fork is in all Odonata at the 
and angle of the triangle. When the distal end of the anal vein 
neets the cubitus squarely at this point, a struggle ensues between 
she branches of the eubitus for the maintenance of this strong point 
of support. In a series of genera Cv, wins, and C, is starved and 
crowded out, becomes much. the weaker vein. and is foreed to useend 
che outer side of the triangle. This has happened in both fore and 
aind wings of Peeudophlebia minima (Plate XLV, tig. 1). “The suc- 
‘essive positions it assumeés are epitomized in the diagram; they may 
ye verified in the hind wings of such genera as ulysouoptera (Plate 
Dm fic. 1), Mesothemis (Plate XLV, fig. 3). Diplacodes (Plate XLV, 
ig. 2), and JMéerodoplae (fig. 13). 

4. The descent of vein Cu,.— happier solution of the struggle just 
mentioned is found when vein Ca, is left in possession of the hind 
angle of the triangle. vein Cu, descending at a right angle from the 
fork, carrying the tip of vein A, 
with it for its own support. We 
have already seen that a very 
perfect adjustment of this sort 
exists throughout the Caloptery- 
vide, where vein (wv, appears as 
the direct continuation of vein A. 
Our diagram illustrates the manner 
in which this adjustment is brought 
about in the Libellulide. This will Fre. 11.—DIAGRAM SHOWING BASE OF TYPICAL 
bo better understood by examining — RAGES wre sowa taste 
the fore wings of such genera as ING ALSO QUADRANGLE (7), SUBQUADEANGLE 
Agrionopteru (Plate XLIV, fig. 1), NL. Taegan Mu) 
Anatya (Plate XLIV, fig. 2), Ra- 
phismia (Plate XLIV, fig. 2), and ZpAidatéa (Plate NA TIE tig. 2): 
— Differentiation between fore and hind wings «t the triangle. — Primi- 
tively, fore and hind wings of Odonata were alike, and the arculus 
was a little beyond the triangle in both, with the anal vein extending 
to the hind angle of the triangle (conditions still preserved in Condu- 
leyaster (tig. 25)). The above diagram of these parts (fig. 14) will 
therefore stand for either wing. 

In the space between the cubital and anal veins before the triangle 
are two crossveins which may fairly be considered typical, and which, 
because of the frequent necessity for reference to them, we will des- 
ignate as the first and second eubito-anal crossveins (v and P of all the 
figures). The part of the cubital space beyond the first cubito-anal 
erossvein will be seen to lie directly beneath the quadrangle (which it 
much resembles). It may be conveniently designated as the * subquad- 
rangle ” (sv), and the part of this beyond the second cubito-anal cross- 
vein as the subtriangle (¢ of all the figures; called. also, elsewhere, 
*subtriangular space” and “internal triangle 7). 


| 
- 
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Ditterentiation between fore and hind wings has been most com 
pletely carried out in the Libellulidi,* and, fortunately, almost all the 
steps are still to be seen in living genera. In this family two vem 





different processes have operated in the two wings: 

al. The procession of the triangle in the fore wing.—In all but th 
more generalized. Libellulidie the anal vein seems to run directly t` 
the antero-internal angle of the triangle, while retaining in the him 
Wing its usual course to the hind angle. This is t puzzle; but the ke 
to tlie puzzle is found in the behavior of the second cubito-anal cross! 
vein and the anal vein. The accompanying diagram (fig. 15) epite 
mizes what has taken place. 

The anal vein formerly went directly to the hind angle of th. 
triangle in the fore wing. Then, through the simultaneous deflectio 
of crossvein and anal vein, the latter came to appear forked—a stag 

it has reached and still mairi 

tains dn most CGomphina 
Then the basal part of th 

anal trunk was carried for 
mw Ward into direct line wit 
the still further deflecte 
second cubito-anal cross 
veins, so that the latter ay 
pears as the continuation ¢ 
the vein, and not at all as 
crossvein, while the dist 
end of the anal vem is almos 
FIG. 15.—DIAGRAM ILLUSTRATING THE PROCESSION OF THE lost ALORE the croxsveins 4 
TRIANGLE AND THE DEFLECTION OF THE ANAL VEIN AND the proximal side of the tr 


Us abt d *T* Y2 — T DP QC Yt EIN, A) ^ B n T Vel n ry. 3 ? — 

SECOND CUBITO-ANAL CROSSVEIN IN THE FORE WINGS OF angle. Thus it is that th 
LIBELLULID.E. 4, THE FIRST, AND b, THE SECOND CUBITO- 
ANAL CROSSVEINS; I, 2, 3, AND Í, SUCCESSIVE POSITIONS. 





M 





anal vein seems to join th 
front angle of the triangli 
With the acquisition of new responsibilities, the second cubito-ant 
crossvein has waxed stronger and longer, and has pushed the mn 
angle of the triangle toward the outer, making the triangle narrov 
and bringing about by this means its apparent remoteness from th 
arculus. Such genera are illustrated in Plates NLIII, ALY, an 
ALLEN, and show the steps in this process. Simultaneously th 





«Their differentiation in function was proved experimentally by Girard (186 
Note sur divers experiences relatives a la fonction des ailes chez les insectes, An — 
Soc. Ent. France, (4), IT, pp. 153-162). His results that are of most interest he 
were gotten by simply clipping off one pair of wings ata time. "Thus he showed th 
in .[yrion, with fore and hind wings practically alike, flight is fairly well sustain 
with either pair of wings alone: Libellula ean fly with the fore wings only, but wr 
the fore wings removed the hind wings alone will not sustain it in the air. I ha 
verified these results, using Iuallagiia and Sympetrum. 1 have also made some nc ^ 
experiments to determine the utility of certain structures. Brief reference will 17 


made to my results farther on. 
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deflected motion of the mnis (the inner RN of the triangle) has 
ibeen elongated, producing the very narrowly elongate triangle of 
L^ we (Plate GV TT, fie. 3) and Jes nllies. 

IB. The vecession of * triangle in the hind wing.—Vhe behavior of 
the triangle in the hind wing has consisted simply in its retraction 
through the successive position shown diagrammatically in fie. 16, and 
illustrated in such genera as Agrronoptere (Plate. ONLY. os 
Leaphism (a (Plate XLIŅ. fee), 7ees, (Plate L, fiv. 2), in Pantala 
(Plate L, fig. 3). Doubtless this recession of the triangle of the hind 
wing could only be advantageous in connection with the developments 
 deseribed under the next heading and discussed again farther on. 

The anal area.—In the Odonata there is no anal furrow or suture, 
as in most other insects, sharply delimiting an anal field. The anal 
jvein, except in a few fossil forms (/sepAlebia, fig. 31. ete.), is solidly 
died to the cubitus, ax already shown. We now puss to notice the 
distribution of the anal 
branches in the small area 
back of the cubital deflec- 
tion. 

Probably in the early 
Odonata the anal tracheal 
trunk occupied the posi- 
tion of the anal vein, well 
back of the cubitus. On- Sci, 


X 2 - 
togeny (see fies. { and 2) Fig, 16.—DIAGRAM REPRESENTING THE RECESSION OF THE 
TRIANGLE IN THE HIND WINGS OF THE LIBELLULID, 1, 
2, 3, AND J, SUCCESSIVE STAGES, 








| 
H 
H 
) 
Ó 
! 
| 





and analogy with insects 
of other orders would both 
support this view. But in such recent forms as I have had for study 
this anal trachea is closely approximated to the cubitus beyond the 
base, and, midway to the trianele, descends to the level of the anal 
vein, and sends branches both proximally and distally, about which 
Num formed (fig. 2, and Plate XXXI, figs. 1-3). Even in 
the thick wings of nymphs of Anisoptera the contorted position and 
decreasing size of the anal trachea indicate that, like the costal trachea 
of the opposite wing margin, it is suffering from lack of room: or, per- 
haps. outstripped by the intervening trachew that are better situated 
in relation to air supply. At least we find, especially in thin and 
narrow wine cases, the anal trachea dwindles, and loses successively 
all its branches. which then become incorporated into the cubital air 
system. The best developed anal trachea we have seen is that of alnar 
(Plate NN XI, fig. 2), in which it will be noticed that the terminal branch, 
cli, is continued beyond its position of fusion with the cubitus in a 
recurrent position. In the hind wing of (rom phx (Plate BONN. T) 
it will be observed that this recurrent portion is attached to vein Cn; 
Aj, apparently, wanting; M, strongly developed. In the fore wing 


of the same nymph 4, has also been transferred to the cubitus, being 
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attuched to the cubital trunk at the place where the anal vein bends? 
strongly away from it. In all the Zygoptera I have been able to 
examine. all the branches of the anal vem have been transferred fol” 
the cubitus in both wines, the anal trunk being very greatly reduced | 
or wanting (see Plate XXXI, fig. 2). 

Such transference of the branches of the anal trachea lends the” 
strongest support to the assumption already made regarding the trans-, 
ference of the trachea Xs to the media, in which case possible reasons ) 
for shifting and reattachment were much more clear. 

The anal loop.—Owing to such shiftings of trachea, owing also to the’ 
expansion of this region in some wings, occasioning the development 
of accessory tracheal branches and its reduction jn others, causing all. 
the branches to disappear, the homologies of those branches which arer 
oftenest present are followed with difficulty. Two of them, however 
(designated as cf, and A, in the figures), must be considered here, since 
they together form an inclosure, which becomes one of the strongest: 





FIG. 17.—FORMS OF THE ANAL LOOP IN THE ANISOPTERA: 1, ANAL LOOP OF CYCLOPHYLLA DIPHYLLA 


D 


2, OF Gomphoides stigmatus; 9, OF Gomplieschna furcillata; 4, OF Gomphomacromia paradox; 5, OFF 


m 


Syneordulia gracilis; 6, OF .Lgrionoptera insignis; 7, OF (?) Nannophya maculosa; 8, oF Ephidatid - 
longipes; 9, OF Lydrobasileus extrancus. 


of the supporting structures of the expanded anal area of the hinc 
wings of the Anisoptera. This inclosure may fitly be designated as 
the anal loop (ul. of all the figures). Fig. 17 will serve to show some 
of its more common and characteristic forms. 

In some Aeschnine genera we find a supplemental loop (u/’) devel 
oped between veins A, and Ctra Fig. 3 of Plate NX XI shows hog 
this is brought about; it is another accompaniment of the widening oj 
the base of the wing. Since in the Libellulid:e the anal loop extend: 
from vein of, to vein Œa, it is to he considered as the equivalent 0i 
both loops in Anar. Of the characteristic foot-shaped loop of the 
commonest Libellulid:e the * toe" is of later development, and result: 
from the concurrent elongation of veins A, and Cisa with the expan 
sion of the hind angle of the wing. 

After considering these changes severally, if we again compare fore 
and hind wing in any of the more specialized Libellulide we shall see 
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— only f. pant & TE wing whieh lies back 5t the inedian vein has 
been affected by them. But that part has been modified profoundly; 
in it entirely different ends have been wrought ont in. the two wings, 
land by different means. The fore wing is characterized by greater 

modification of parts present in the primitive wing; the hind wing, by 
the greater development of new parts. | 


r III. SOME GENERAL FEATURES OF THE WING. 
VEIN SHIFTING AND VEIN DIFFERENTIATION. 


There are two kinds of specialization occurring. simultaneously in 
Insect wings, not clearly delimited, but, nevertheless, distinct enough 
| to enable us to understand in a measure the reasons for the success of 

both. First, there is the shifting of veins for the mechanical advan- 

| tage of position and the development of strong cross v eins to ald in 
maintaining fav orable positions. These developments have occupied 
our discussion hitherto. We have seen that the course of. specializa- 
tion is traceable in each part, and we shall see further on that the 
parts, varying independently or being modified together, collectively 
furnish most excellent characters for interpreting the genealogy of the 
group. 

Second, there is a specialization which is not confined to any par- 
ticular part of the wing or to any particular structure, but which con- 
sists in the progressive differentiation between veins and membrane, 
in the concentration of strength-giving wing material within the sup- 
porting veins, and in the reduction of cross veins. Although less tan- 
gible, perhaps, and certainly less useful for tracing genealogies, this 
fond of specialization is none the less real. The first furnishes chav- 
acters differing in kind; the second, only those differing in degree. 
The first, rather than the second, is characteristic of fossil species, 
some fossil forms having carried the shifting of veins already described 
to extremes unparalled at the present time. The second, rather than 
the first, is characteristic of those modern genera which belong to the 
cooler regions of the globe. The first is often accompanied by very 
abundant“ venation. The second is indicative of keener competition 
in recent times and in temperate climates, necessitating greater 
economy of wing-building substance. 

A comparison of the wings of Ve urothemés (tig. 18) and Zefragon urit 
(tie, 19). two genera of Libellulidæ that may fairly be taken as expo- 
nents of the two kinds of specialization, will make the difference 
between them clear. In wVewrothen swe have venation “ran wild ^ 
the vein-building i Z^ ial scattered with great prodigality m 
the goxbrane, forming a very irregular and inconstant mesh work, 








“One cm almost say mmu Possibly the advantage of the new position 
attained by the shifting of parts is so great that over development results from it at 
first. 


Proc. N. M. vol. xxvi—02 49 
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sneh as was common to many early fossils of other orders and such as 
L] ads ace * M . , * s A 
is still characteristic of the tegmina of the Locustida, In 7etragoneuria 
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Fic. 19.—WiNGs OF Tetragoneuria cynosura SAY. 


order is wrought out of this seeming confusion in the wing membrane. 
Phe veins are strong, the membrane is thin and more transparent, 
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eross veins are reduced so as to leave those that remain in such position 

that each seenis to bear its individual share in the stress upon the wing. 
Instead of a dozen, more or less, of inconstant cross veins in the space 
between veins Z2, and JV, between nodus and stigma, as in Ve erofheinis, 
there are but three, and these three are constant. and so for other 
parts. In and about the triangle of Neurothomis are many veinlets 
which have been sacrificed to make the triangle itself stronger in 
Tetrugoncuria. An actual count of the cells in a hind wine of NVenro- 
themis gives the number 2,695; in a hind wing of 7efrugoneuria, 205, 
the latter wing being at the same time a little larger. Neurothemis 
has far outrun Zefregoneurie in all those adjustments of parts in the 
region of the areulus, already described, as characteristic of the spe- 
cialization of the Libellulidie; but Zetragonenria, having attained a 
fair measure of mechanically advantageous arrangement of parts, lias 
attained success by disposing of its streneth-giving wine material 
where it is most effective. — Ze¢ragoneuria is vastly superior in theht ^— 
is, indeed, one of the fleetest and most agile of winged creatures. 


CROSS VEINS. 


The vein-buildiug substanee of which we speak is of course hypo- 
dermis. The insect wing is essentially but a flat evagination of the 
body wall, with a few trachea grown out into it. During early devel- 
opment the hypodermis of the wing does not differ in any essential 
respect from that of other parts of the body. As elsewhere, it eon- 
sists of a single layer of cells which secrete a protecting external 
layer of chitine. At the time of transformation, when the hypodermis 
of the two walls of the wing sac is bound together by fused internal 


D 


processes, blood is forced out into the wing, greatly extending it lat- 
erally. The hypodermis is thus spread out in a very thin layer. As 
soon as a definitive layer of chitine is deposited, the hypodermal cells 
(which, of all cells known to me, possess the greatest capacity for 
speedy and extensive shifting and readjustment) begin to be segregated 
into groups along the lines of the veins that are to be, and there 
deposit additional chitine, which differentiates veins from membrane. 

Doubtless in the earliest insect wings the segregation of the hypo- 
dermal cells was such as to give a membrane crowded with somewhat cir- 
cular areoles, such as we find in the expanded lateral margins of the 
pronotum of the Tingitidie, in the tegmina of the Locustide, in almost 
the entire wing of the fossil dragon fly .28eAaédfron, and in the wider 
spaces of the wing of WVewrothem/s. The principal veins first would 
beeome strongly marked by the accumulation of the hypodermal cells 
about the trachea. Cross veins would emerge from the meshwork, as 
they seem to be emerging in the wing of WVewrothemss, in the spaces 
between veins Æ, and J/,, between J4 and JM, ete, by the dropping 





aI venture this unqualified statement without having seen Neurothemis fly. 
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out of veinlets that are longitudinally placed; or, as illustrated in the 
following diagram (fig. 20). 

A few strong cross veins for binding the longitudinal veins together 
would be developed first. In the wider spaces between the longitudinal 
veins the cells would take on hexagonal form as soon as necessity for 
economy in the disposition of vein-forming substance arose, and hexa- 
gons would, of necessity, fall into regular series or rows. This con- 
dition would early be attained—has been attained or surpassed by 
almost all living Odonata. Meanwhile the reduction among cross i 
veins goes on apace, and the fundamental thing in this reduction con- 
sists in the better marshaling of the hypodermal cells at the proper 
moment of transformation. 

This brings us to the practical point, that cross veins are constant in | 
number and position only when they have attained individual responsi- 
bility—when each has its own share in the stress of the wing stroke. 
Utility determines survival among cross veins as among species. No i 
better illustration could be found than the two cubito-anal cross veins 
before the triangle in the wings of the Libellulidw. The first of these 
is formed, as we have seen, about the descending portion of the anal | 
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Fic. 20.— DIAGRAM ILLUSTRATING THE EMERGENCE OF STRONG CROSS VEINS. 


trachea, and. that is a sutheient reason why in the reduction of cross 
veins it never disappears. The second in the fore wing becomes braced | 
aguinst the front angle of the triangle and acquires new responsibility, 
Which insures its preservation; one would as soon expect to miss those 
other cross veins whieh bound the triangle. But in the hind wing 
this same cross vein acquires no such importance—rather loses through 
the recession of the triangle any importance it may have had to begin 
with, so it early disappears. In the more generalized Libellulidee it 
is always present; in the more specialized it is uniformly absent, but 
in a few, in this respect transitional genera, it is present or absent 
indifferently. Similarly in the more specialized Libellulide: but one 
cross vein persists in the space which the bridee incloses, and there is 
a very good reason why that one never disappears—it is formed about 
the descending trachea which precedes the bridge. 

Very similar are the antenodal and. postnodal cross veins, of which 
so much use has been made in svsteniatie work. In the fore wing of 
WVenracschne the antenodals are more than forty, the number being 
inconstant; in achydiplar they are always six. In the hind wing of 
Neuraeschna the antenodals are about twenty-five; in that of Tetra- 
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goneuria they are four. Those antenodals which early chance become 
“matched” across both costal and subcostal spaces brace the deepening 
subcostal furrow better and are more sure to be preserved. 

Then there is à reduction of cross veins which seems not solely 
directed toward strengthening those that remain, but rather toward 
clearing out of spaces between the points of transverse union of longi- 
tudinal veins.“ This clearance takes place in different places in Libel- 
lulide and in Gomphine, correlated with the difference in shape and 
position of the triangle in the two groups. In the former the cross 
veins disappear (see Puchydiplar, Plate NLVIE fig. 1) from the spaces 
adjacent to the subnodus and. the oblique vein and. under the stigma. 
In the latter (see Gomphus dilutatus, Plate NN XII. fig. 1) from the 
spaces just beyond the arculus. In the ZEsehninz, with triangles 
similarly disposed, while the cross veins do not actually disappear just 
beyond the arculus, we find sometimes (as in altaar, Plate NL. fig. 2 
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Fig. 21.—DIAGRAM SHOWING HOW HEXAGONAL CELLS BECOME RECTANGLES AND HOW CROSSVEENS 
BECOME MATCHED IN TRANSVERSE LINES ACROSS THE WING. 
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all the veins on the anterior side of the base of vein M, between 1t 
and the radius, so dwindled that little more than thin membrane 
remains. This is much more evident in the actual wing than in the 
figure, : 

We have already referred to the matehing of nodal crossyeins. — In 
the Agrionin this process is carried so far that all the crossveuns of 
the body of the wing become arranged in transverse lines. A com- 
parison of the wines of .IreAdlestes (Plate Ll, tig. 6), Lestes (Plate LIII, 
fie. 1), Argia (Plate LIII, fig. 5), and Weha/lennia (Plate LIV, tie. 8) will 
illustrate the progress of this tendency. 








¢ Allowing, perhaps, for readier flexion of the portion of the wing posterior to the 
cleared spaces, though of this I am not sure. In Myrmeleonidie (Plate ANAVI 
fig. 2) subcosta and radius are strongly bound together at Dase and at stigma, while 
the long narrow space between is free from cross veins, It would seem, since the 
wing is easily flexed behind this space, the costal margin remaining rigid, that an 
imaginary axis of flexion joins the two strong yet elastic terminal points of union. 
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The accompanying diagram (ae 21) slows iio steps by omir CT'OSS- 
veins may be brought into line. All these steps may be seen in the 
wings of Agrionine represented in the plates and better still in fig. 9; 

In Calopterygid;e erossveius are so numerous it seems to have been 
of more moment (at least in Calopteryx and its nearest allies) that the, 
longitudinal lines of crossveins should become straight, allowing the 
longitudin: al furrowing of the base of the wing to be extended to the 
margin. 










SECTORS AND SUPPLEMENTS. 


The areolr. or cells, of the wing membrane are potential hexagons, 
Where bordered on one side by a straight vein they are converted into 
pentagons by the elimination of one angle; where ineluded in a single 
row between two veins they become quadrilaterals, through the elim-. 
ination of two angles. Even in the broader areas of the wing their 
hexagonal regularity is early disturbed by two more or less distinet i 
means: (1) by the development of new tracheal branches, which pene- 
trate into the broader spaces, straightening out certain broken lines of 
erossveins and converting their bordering hexagons into pentagons; 
(2) by the development of longitudinal veins, independently of the 
tracheie—veins which traverse the sume spaces in a direction generally 
more or less transverse to that of the accessory trachex and complete 
the havoc of the hexagons. By the first means are produced extra 
branches of principal veins, which so appear in the adult wing. Some 
of the most important of these are designated Mias sas Cw, ete., in 
the tigures. Dy the second means are developed curved veins, which 
are generally opposed in position to the principal veins bounding the 
wider spaces anteriorly. These may be called supplements. Both are: 
well shown, and the difference between them is clearly demonstrated by: 
Plate XXXII, fig. 1 of Anar junius. The principal trachea showni 
is the radial sector, whose branches are accessory; the strong, develop- 
ing vem that sets across them, bending toward the radial sector at both: 
its ends, is the radial supplement (R. suppl., of all the figures). It will 
he seen to be a purely cuticular vein, without trachea of its own.» 
Behind vein JV, is an exactly similar vein, the median supplement (J£. 
suppl.. of all the figures). Dehind vein 27, and proximal to vein 2712 
though often joined to the latter, is another, the apical supplement (ap. 
suppl). well shown in Zune (Plate K he. 3) and its allies. From 
the outer side of the triangle there starts another, the trigonal supple- 
ment (tery. suppl.) well shown in Zagenius (fig. 93), and in most Asch- 
ninw (Plates NN NVII-XL). 

Both supplements and extra branches, being relatively recent 


acquirements, are. well developed only in the more specialized mem- 
bers of the several groups. 
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UNEQUALLY DEVELOPED WINGS IN THE SAME SPECIES. 


1. The specialization of fore and hind wings fo an unequal degree, 
"hen both (or the parts concerned. of hoth) are followiug similar lines: — 
\ single illustration of this will sudlice. In (halemteryr (te. 22) 
he fore wing has in several points outrun the hind. For instance, 
ein M, separates from vein J/, in the hind wing at the subnodus, as 
s usual: but in the fore wing M, has fused with J/, for the space of 
everal cells’ length beyond the subnodus. Again, in the space 
yetween veins J, and M, there are a number of interpolated sectors, 
Jl of which are independent of the veins in the hind wing. but in the 
‘ore wing the next to the longest of these has become attached to vein 
M, in such position that M, now appears forked. It will be seen at a 
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Fic. 22.—WiINGSs or Chaleopteryx rulilans RAMBUR. 


glance that the anterior branch of this fork is the same thing as the 
independent sector oceupying the same position and relations in the 
hind wing. First, a broken line of crosaveins became straightened 
out longitudinally to form the sector; then, one of the crossveins 
lying below its proximal end in the fore wing became declined to 
brace the sector against vein JM, But the bracing of the wing tip did 
not stop with this. The upper branch of the fork has acquired a lesser 
fork of its own, whose anterior branch is in like manner developed 
out of acstill shorter sector, which has remained independent in the 
hind wing. Again, the longer of the two sectors in the space between 
veins 2s and Jf, in both wings become attached to vein Mi. sym- 
metrical fork has thus heen developed in the fore wing, but in the 
hind wing the adjustment is still imperfect. 
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2 Unequally developed wings in the two seres.— he wings of the 
male often outrun those of the female. The best-known instance is 
the frequent angulation of the anal area of the hind wing in the male, 
the hind angle of the female always remaining rounded. In //agendus 
(lie. 23) it will be seen that the difference in conformation of the anal; 
angle has slightly affected the form of the anal loop also. 

In that part of the Calopterygine series In which the stigma is lost: 
it is retained longest in the females. 

In Ldgron (fig. +, 7.) 3t retains a much more primitive form in the ¢ 
female. The curious stigma of the fore wing of the male of Anom- 
alagrion (fig. 4, u.) has outstripped that of the hind wing, but evenr 
the latter is somewhat less primitive than either stigma in the female, , 
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FIG. 23,—WINGS OF Hagenius brevistylus SELYS. 


The reason for the greater specialization of the wings in the male is, 
of course, xo well known as to need only passing mention. "The: 
males, and not the females, seek their mates and compete for them 


upon the wing, often amid great rivalry. 
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SUMMARY OF TIIE MORE GENERAL TENDENCIES OF VEIN EVOLUTION WITHIN THE ORDER. 


The facts of ontogeny and comparative anatomy hitherto presented 
seem to warrant a number of conclusions as to the development of the | 
several parts, which conclusions may be expressed in tabular form as | 
follows: | 


Generalized condition. Developmental tendencies. | 


Subcosta long; nodus remote from Subcosta becoming shortened und the 


wing base. 

Antenodal and postnodal cross veins 
numerous, weak, irregular (not matched), 
and none of them hypertrophied. 


Stigma without special support. 


nodus retracted. 


Antenodal and postnodal cross veins | 


becoming redueed in number, stronger, 
more regular, sometimes matched in 
position or differentiated among them- 


selves. 
Stigma becoming supported, proxi- 


mally by a brace vein. (hypertrophied 
cross vein), and distally by a sector 
(Mia). 
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| Bridge weakly or incompletely devel- 
oped; oblique vein remote from the sub- 





nodus. 
All principal veins straight or gently 
curved and evenly forking. 


f Media at the top of the areulus. 

| Veins Mi- and M, at their departure 
from the arculus, separate and straight. 
. Triangle, supertriaugle, subtriaugle, 
iete., ordinary quadrangular areoles ( per- 
haps traversed by weak cross veins). 
Cubitus 
forked. 


, Anal angle of the wing unsupported. 


somewhat symmetrically 


Cross venation dense, irregular, and 
inconstant. 


Fore and hind wings alike. 
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Bridge becoming strong and directly 
attached to vein Mj; oblique vein, re- 
tracted toward the subnodus. 

"ome principal veins becoming strongly 
angulate at points of special bracing. 

Media descending the arculus. 

: Veins Mj-, and M, becoming fused, or 
strongly arehed upward, or both. 

Triangle, ete., becoming strong and 
highly differentiated inclosures. 


Cubital fork becoming strongly uni- 
lateral. 


Anal angle becoming supported by the 
junction of veins Cu, and M, and, Fome- 
times, by the development of an anal 
loop. 

Cross veins becoming fewer, stronger, 
more definite and regular, aud the mem- 
brane, thinner. 

Fore and hind wings differentiating (1) 
by following parallel paths with unequal 
speed, and (2) by following different 
paths. 


IV. LINES OF SPECIALIZATION. 


Hitherto we have been discussing wing characters more as individual 
entities than as mutually dependent parts of a single organ. The 
illustrations of the steps in the development of each, drawn from adult 
wines, have been selected arbitrarily, and have not always been drawn 
from a single line of development. They have served the purpose of 
illustrating in a general way the progressive modifications of each part, 
confirming the ontogenetic record. In their application to this end 
we have necessarily overlooked the lesser individual peculiarities of 
each. Correlated characters varying independently preserve, some 
here, some there, hits of the ancestral record, but with more or less of 
individual alteration of it. It is probable that every one of the char- 
acters discussed in this paper would be found on closer study to pos- 
sess distinctive features in each genus—earmarks of the genus. This, 
of course, applies not to wing parts alone, but to every other part as 
well. 

We come now to consider these same characters in their ensemble. 
Their individual records, of course, do not agree. Did they agree, we 
should have a single lineal series, very well adapted to book making. 
We should have a wing exhibiting the generalized characters just 
mentioned with which to begin the series. But while it has been easy 
to show by concurrent ontogeny and comparative morphology that 
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the characters there presented are relatively primitive for the groui 
and while each of these characters is exhibited in some of the moi 
eeneralized forms, it is quite impossible to find a single wing embody 
ine them all. Let us therefore now carefully compare the severg 
records and discover. if we may, the history of the principal Odonat 


wing types. 
THE FIRST DICIIOTOM Y. 










The first dichotomy has been already indicated, or, at least. implied. 
Aside from the crossing of the radial sector, respecting which all 
dragon-fly wings are in essential agreement, the quadrangle has cer- 
tainly played the most important role in the evolution of these wings. 
Upon the quadrangle two distinct tendencies have operated, produci 
the snborders Zygoptera and Anisoptera. In the former the tendency 
has been to preserve the quadrangle as a unit of wine structure, to. 
continue vein Cr, outward from it in direct line, and to set off Om 
squarely upon the distal end of vein cl, In the latter the tendency 
has been to divide the quadrangle into triangle and supertriangle, and 
to differentiate between fore and hind wing. Supplements are devel: 
oped only in the latter. while the tendency toward the matching of 
cross veins and the reduction of the base of the wing are charaeteristit 
only of the former. | 

SUBORDER ANISOPTERA. 


Again, in the two great families of this suborder two dominant ten d- 
encies are almost equally plain. In the /Esehnidie these are toward 
(1) the similar elongation of the triangle in both wings; (2) the develop- 
ment of strong. supplements; (2) the hypertrophy of two antenodal 
cross veins; (4) the development of a brace to the stigma, and (5) the 
angulation of the hind angle of the hind wing in the males. In the ı 
Libellulidie there is the single, more definite, and more exclusive tend- 
ency, already discussed, toward the differentiation between fore and 
hind wines at the triangle. i 

A FExehnddie.— The family /Eschnidie isa bundle of remnants. M 
it are found no less than eight fairly distinct types of venation. The 
types represented by ZZeterophlebia, Stenophlebia, and LExchnidium 
are extinct. That of 2¢a/v7a was much more abundant in past times 
than now. — ChMorogoi phis and Cordulegaster are. represented by but 
afew isolated species. Only the groups of. Gomphus and Æschna are 
dominant at the present time. In some cases, therefore, there is no 









a Attention should be called here to the peculiar and altogether isolated type of venas 
tion found. in Asehnidium. In wings, otherwise like those of the 7Esehnid:e, the 
shifting of the anal vein up toward the inner angle of the triangle is completely carried 
out in both fore and hind wings. In this, and also in the secondary developments top 
supporting the expanding anal angle, Fsehnidiwn far outran all living forms. In the 
matter of differentiation between veins and membrane, however, and the reductio 
of cross velns, it remained very generalized indeed. 
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hterial to be had for tracing genealogies, and we will attempt to 
lint out only the more important venational features, comparing 
em with the conditions we believe to be primitive for the order. 

| Chlorogomphus.— This (fig. 24) is an isolated living type. specialized 
‘the extensive differentiation -between fore and hind wing by the 
evelopment of an expanded anal area upon the latter, generalized in 
js unbraced stigma and in its retention of cross veins in the space 
Hore the arculus. It parallels AMeeroma moorei in the peculiar form 
* jts anal loop, and //emianar ephippiger (Plate NANANVI, fig. 5) in 
te circuitous course of vein Ce. It is unique among the Odonata 
hown to me in that the triangle of the hind wing has been elongated 
'ansversely to the axis of the wine, while that of the fore wing is 
quilateral. 
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Fic. 24.—Winas OF Chlorogomphus magnificus SELYS, FEMALE, 


| 

| The Cordulegaster group. —Vhis small group has retained some decid- 
»dly primitive features. Anal vein and second cubito-anal cross vein 
aave retained their primitive position and relations in both wings. 
The triangles are alike, and only moderately elongated. No supple- 
ments are developed; and there ix no brace to the stigma, or only a 
very imperfect one in Peta//a and its allies. There ix, however, a mod- 
^rate enlargement of the base of the hind wing, and this becomes 
uae in the males. — Cordulegaster suyi (fig. 25) and Phyllopetatia 
‘ipicalis (fig. 26) represent the divergence of the group: there is uni- 
formity in the more important wing characters. There has been a 
slight development of accessory branches upon the radial sector, and 
in the wing of PAyllopetalia will be noticed the undulate course taken 
on by veins JZ, and Ps, and by M, and M; but the reduction of redun- 


: 
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dant cross veins, und the strengthening of the principal veins and brace 
seem to have been the means whereby these wings have attained thei 
goodly measure of efficiency. 

Exch inw.-— We come now to a group that is flourishing in our owi 
time the world over. lt contains the largest of our common dragor, 
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FIG, 25.—WINGS OF Cordulegaster sayi SELYS. 


flies, all strong-flying species, composing many genera. In the nal 
spesialized genera are many species. There is great variety in thi 
details of the luxuriant venation of the group. Here, then, we have 
opportunity to apply the facts of development previously outlined té 
the unravelling of a bit of genealogic history. 
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FIG. 26.—WINGS OF Phyllopetalia apicalis SELYS. 





The most characteristic features of the Æschnine wing are (1) the. 
approximation of veins M, and M,, brought about by the bending 
forward of vein JV, ut the stigma, (2) the development of strong and 
broudly curved supplements, and (3) the elongation of the triangles in 
the direction of the axis of the wing. These will be seen in their best 
development in such genera as ;Zxce/neo and Anae (Plite XL.) 
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Doubtless, the most generalized group within the Aesehnine series 
s composed of Cymatophichia (fossil), and Gomphieschna (Plate 
XXXVII, fig. 1), which have the triangle little elongated, all supple- 
nents but little developed, the anal loop small and compact. with no 
supplemental loop, and the anal angle of the hind wing, therefore, not 
rreatly dilated, but which always have the stigma braced against vein 
M, opposite a forward bend in vein JV,. These all exhibit affinities 
vith the preeeding and the next following groups. Even the upward 
pend of vein JV, at the stigma is hardly more marked in Gompheschna 
han in Phyllopetatia (tig. 26). 

Passing by these two genera, we next come upon a number of 
thers which have a more pronounced Esehnine aspect. as Boyeria 
‘Plate XXNVII, fig. 3). Basteschna (Plate XXXVII. fig. 2), and 
Hoploneschna (Plate XXXVIII, fig. 1). These have vein M, more 
strongly bent toward the stigma, the triangles longer, radial and 
nedian supplements well developed, and trigonal supplement and sup- 
jolementary anal loop developing. In these genera the radial seetor is 
ot forked. 

In .Z5chna and its nearest allies (Plate XL) we see the further 
orogress of these tendencies. There is this added feature-—the radial 
sector has become forked. It will be observed that the anterior 
branch of this fork is separated from vein JM, by a single row of cells, 
ind that in the same place in Lusieschnau (Plate XXXVII, fig. 2) there 
isa line of cross veins tending to straighten out. The anterior branch 
of the fork is developed out of this line of cross veins. In the Aus- 
tralian .fAchna brevistyla (not figured herein) all stages of its com- 
pleteness and incompleteness may be found in a series of specimens. 
[n the nyinphal wing of Anar junius, a strong trachea is seen to pre- 
sede only the posterior branch of the fork. Thus the anterior branch 
of the fork is clearly a relatively recent acquisition of such genera as 
AÆbchnu, Gynacantha and Anar, the dominant genera of the subfamily. 

In tracing this relatively simple developmental line that leads to the 
highest specialization of this kind to be found, we have purposely passed 
by several lateral offshoots. The one of these which seems nearest 
Ulied to Æsehna is represented by Veureeschua and Stanrophlchia 
Plate XX XIX, fig. 2), which, having retained the tip of the subcosta 
which extended beyond the nodus and many cross veins in important 
spaces, are not to be derived directly from forms in which these have 
heen lost; lacking a brace to the stigma, can not have sprung directly 
from such genera as those of the Boyeria group in which this useful 
structure is well developed, but may well have sprung from the com- 
mon ancestor of Boyeria and schia. 

Furthermore, Azar (Plate XL, fig. 3), while very highly specialized, 
lias retained the most primitive position of the media at the arculus to 
be found in the group, and has the hind angle of the hind wing rounded, 
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others found in other organs, give cause for setting apart cla (wit 
Hlemianer, Plate NNNVI, tig. 2) as constituting a different develop 
mental line from the one in which .Zschaa is found. 

Then there is the IE Brachytron group of genera (Brachy 
fron (Plate NN NVIIT, fig. aEschnophlebra (Plate XX XVIII, fig 
3), Llaneschua, am s Vasreschna (Plate NX XIX, fig 3 
FEpéwschua, ete.), which seems at first sight so closely allied to 2 Aschae 
which was set apart by Karsch“ for systematic purposes, on exceller 
venational eharacters, the manner and the purport of whose develoy 
ment remain to be indicated. The radial sector is forked in these, bu 
after the anterior branch is acquired the whole sector does not, a 

LAxchna, bend anteriorly, arching away from the radial supplemen, 
which becomes bent in the opposite direction, but both remain straight 
and the tendency seems to be toward strengthening and deepening th’ 
fork, As a consequence, vein Jia is allowed in the Brachytron grotu 
to occupy its accustomed place and to bear its share in the stress c! 
the wing stroke, not being crowded out, as in the ;Eschna group, b 
the encroaching distal end of vein J. 

Doyeria seems to stand near where was the parting of the ways the 
led to the development of these two groups. One may see that eithe 
form of radial sector might readily have been derived from that < 
Doyeria (Plate NN XVII, fig. 3): 

The study of the trigonal supplement adds force to such opinior 
In Boyeria it might be interpreted as Joining the median supplemen: 
or as passing below it with a single row of cells between: its positio 
is not decided. But in the ¿Eschna group it distinctly joins tk. 
median supplement, and in the Brachytron group it distinctly exten 
below by one row of cells. 

The behavior of the distal ends of veins M, and W, offers stil 
further corroborative testimony. Beginning with a condition lik 
that found in Boyeria, where there are several rows of cells include 
hetween these two veins for the distal third or fourth of their lengtl 
the veins themselves being parallel, development takes place alom, 
two distinct lines. In the Brachytron line these veins remain paralle: 
and specialization. consists in the progressive reduction of the eel: 
between them to a single row. In the ;Esehna line, vein JM, becom 
bent away from vein JV, at a point opposite the proximal end of tl 
radial supplement. while reduction proceeds as usual on either side th/ 
place. (See -A californica, Plate NL. fig. 1, and -Æ /ngens, Pla 
AL. fig. 2.) It will be observed that the vein JV, finally appears to ri 
into vein J/;. This is wholly due to the increasing deflection of ve 
WJ, and to the straightening out of two cross veins which happen? 
lie opposite the point of detleetion. These cross CE first arci 

























t Kritik des Systems der .Eschniden, Ent. NON XV ll, pp. 273-290. 
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laced as to cause vein JV, to appear forked (see Æ. eal/fornica, Plate 
XL, fig. 1), when they appear as the upper branch of that fork: finally 
hey appear as the true continuation of the vein. As the anal vein is 
switched upon the second cubito-anal cross vein in the Libelulide, 
so here vein JV, is switched into an entirely new position upon two 
TOSS Veins. 

It is worthy of passing remark that this shifting is an accompani- 
ment of differentiation between longitudinal veins in very highly 
specialized ZEsehnin:w. This will be mueh more clearly seen in actual 
wings than in the best of figures. A glanee at such wines as those of 
Anaw junius or .fschna californica will discover that Ay is strong, 
Weis weak; M, is strong, M, is weak; Cu, is strong, Cu, is weak. 
The strong vein bounds posteriorly the space in which the weaker one 
ies. The cross veins just discussed, whieh join vein JV, so solidly to 
vein J/,, together with several lines of eross veins descending from the 
strongest part of the radial seetor, complete the boundary of the space 
in which the weakest part of vein JV, is included. 

But to return to our theme, we have seen that the behavior of radial 
sector and supplement, of trigonal supplement, and the distal ends of 
veins JM, and M, furnish eumulative testimony to two divergent lines 
of development, which, starting with forms a little less ,Esehna-like 
than Boyeria, have evolved the groups of Brachytron and zESehna. 
And we have shown that, with respect to venation at least, the groups 
of Neureeschna, Anar, and Gomphieschna ave suecessively more remote. 
| Gomphine.—In this group we come upon another type of /Esehnid 
venation, a type which is chiefly characterized by the similar shifting 
of the anal vein in both wings, but only to such extent that that vein 
appears more or less symmetrically forked. There are few venational 
specialties. Neither the shiftine of veins for advantage of position 
nor the reduction of cross veins have proceeded very far. That vena- 
tion is at a standstill is indicated by the unusual constancy of mechan- 
ieally unimportant cross veins, such, for instance. as the one traversing 
the supertriangle. Variation from the type is slight. considering the 
large number of genera in the group; and such as there is, it does not 
lend itself readily to.serial arrangement. The very moderately 
widened anal angle of the hind wing is supported mainly by straight 
and parallel anal and eubital branches, as in the more generalized 
Aschnine. An anal loop is developed in many genera, but has so 
different aspect in several of them it seems quite possible it may have 
been developed several times independently. (See Lanthus, Plate 
Pee, fiv. 3; Cyclophylla, Plate XXXIV, fig. 1. and [egenus fig. 
23.) A strong trigonal supplement is developed in //agenéus. The 
deelined portion of the eubitus (inner side of the triangle) becomes 
elongated in the fore wing more than in the hind in Cyclophyl/a and 
Aphylla (Plate XXXIII. fig. 3). Aceessory sectors of unusual strength 
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are developed upon the posterior side of veins As and AM, in Gom phidi 
(Plate NN NIV, fig. 2). Possibly these features indicate the tips o 
numerous short developmental twigs. The brief records of the severa 
parts are certainly contradictory; and the parts themselves, which on’ 
might use as bases for the first divisions of the group, seem so neark 
of equivalent importance that one may hardly choose between ther 
with assurance. Probably the records of other organs will, be mor 
asy of interpretation. 
The South American genus clgr/ogom pus (fig. 27) exhibits vena 
tional characters that are quite as generalized as are to be found in th 
group. Triangle and subtriangle are still four-sided, the cubital an 
anal veins before them being but moderately angulated, the stigma i 
weakly braced, there is no anal loop and there are no supplements. 
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FIG. 27.—WINGS OF Agriogomphus SP? 


We may remark, in passing, that the Gomphine, having attained 
fair measure of advantageous vein arrangement, and a fair (or, in th 
strongest spectes, even a superior) degree of vein differentiation, seel 
to have turned toa specialization of another sort. The imagoes areo 
the wing less constantly than other Odonata and fly for a shorter perio 
During this time their chief concern is with reproduction, hence w 
find the external genitalia highly specialized. The shortening of tt 
period of imaginal life is correlated, also, with extreme specializatio 
of the nymph. In fact, the struggle for existence has been mainl 
transferred to nymphal life.“ l 


“I have discussed this mattter more at length in my paper, Preliminary studies | 
North American Gomphine, Can, Ent., AXIX, 164-168, 1897. 
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| Petalurine.—The type of venation presented by thissingular group 


barallels, rather remotely, the Libellulide in the behavior of the anal 
vein, shifting as it does upon the second cubito-anal cross vein to brace 
the antero-internal angle of the triangle in the fore wine, retaining a 
more direct course to the hind angle in the hind wing. It parallels 
che fossil Stenophlebia in the curvature of the wing outlines, tending 
coward a somewhat sickle-shaped wing apex. The very peculiar, nar- 
rowly linear stigma is direetly correlated with the wing form. It will 
pe observed in the genera Cropetala (tig. + s) and Phenes, in whieh the 
costal space is most narrowed and the stigma most curved and elon- 
rated, the brace vein has 
migrated away from the 
stigma toward the nodus. 
In this group the anal loop 
is often not well differen- 
slated (fig. 28). Except- 
ing at the base of the 
wing, reduction of eross- 
veins has not been carried 
very far. Zachopteryx 
hugen: (fig. 29) seems to 
be the most generalized 
living member of the 
zroup (eompare with Plate 
NES VI, fo. 1). Itwill be 
observed this one is most 
like the Gomphine, the 
subfamily which is doubt- 
less nearest akin. The 
group is a very small one, 
ipparently on the wane. 














It l3 W ell represented Fig. 28,—BASES OF WINGS OF Petalura gigantea LEACH, AND 
r h . : * E e J^ 4 7 DL r * . "c ` r ym 
unong the Te) tary fossils A DETAIL FROM THE REGION OF TUE NODUS, SHOWING THE 


jt Europe. Of living spe- BRIDGE WITH TWO OBLIQUE VEINS, O' ANDO. 
cies there is one in the eastern United States, one in Nevada, one in 
Japan, and there are several each in Chile and the Australian region. 
B. Libellulidx.—This family, unlike the -Eschnidæ, exhibits a single 
type of venation, whose dominant tendency is toward the differentia- 
tion between the wings, by means of the procession of the triangle, and 
the switching of the anal vein in the fore wing, and in the hind wing 
the recession of the triangle and the elongation of the anal loop. 
Ihe stigma is never braced, and the bridge remains shorter than in 
the Æschnidæ, with fewer ineluded cross veins. 
Macromiine.—Members of this group (Plate XLI, figs. 1 and 2) 
have followed these tendencies a little way. and have then gone off on 
50 
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lines of their own, specializing highly. The shifting of the anal veir 
in the fore wing, the fusion of the branches of the media beyond the: 
areulus, the development of a strong anal loop (of almost Cordulegas- 
terine form, to be sure), the retraction of the nodus in the hind wing;: 
and especially the general reduction of cross veins and the narrowing 
of the apex of the wing. mark this as a. peculiar group, more distinet + 
than any other within the Libellulid series, and well worthy of sub-> 
family rank. 

Libelluline, including Corduline, s. str.—Passing Macromia, andi 
passing also a few isolated forms with triangles in the fore wing four 
sided and in the hind wing often little retracted and with the anal loop f 
short, indistinct, or wanting“—all lateral offshoots, I believe, from? 
near the bottom of the Libellulid series—we come upon a serics of ', 
closely related forms, the most extensive and flourishing in the order. | 
It were idle to attempt to indicate all the lines of specialization to be: 
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Fig, 20.—WINGS OF Taehopterys hageni SELYS, DETAILS IN PART OMITTED IN FORE WING. 


found in the wings of this series. We will endeavor to point out only 
afew of the leading tendencies that are superadded to the more gen- 
eral ones already noticed. | 

It is most. interesting to note, in this series, how the two venation-: 
evolving processes already discussed, vein adjustment and vein differ’ 
entiation, have alternately held sway. Thus, in the first instance, veiit 
adjustment has been carried out to a very moderate extent, vein differ 











*l pass these by because I have not found the genetice thread that will bind: 
them iuto a natural series. 1l have seen but few of them (Tetrathemis, fig. 10; 

Nannodythemis, Nannothemis (Plate XLIII, fig. 2), Nannodiplar, and Nannophya), \ 
aud in this paper we are dealing only with lines of development. These are among: 
the rarest of specimens in collections, and differ so much among themselves that: 
there are of them almost as many genera as species. They have all the earmarks of 

developmental remnants. If Karsch’s group Nannophyw (Ent. Nachr., XV, pp 

245-263) should be made to include all these forms, it should include also Cordulephya 

and perhaps Jdyonyr, which have more affinity with some of these than with any of 

the Cordnlinie proper. l 
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entiation to a remarkable extent, and the result has been the evolution 
of the Corduliin:, s. sér. (Plate XLII.) The branches of the media 
are never extensively fused at their departure from the arculus. The 
true course of the anal vein behind the triangle is never obscured. 
‘The anal loop never becomes distinetly foot shaped. It is short in 
Gomphomacromia (Plate XLIII, tig. 1); longer and shaped like the 
conventional diagram of a simple gland in Orygastra (Plate XLII, fig. 
2), truncated on the end but not widened in Neocordulia androgynis 
(Plate XLIT, fig. 1); squarely truncated and slightly widened in the 
undescribed WVeocordulia shown in fig. 30; and obliquely truncate and 
increasingly widened on the "toe" side in /7emicordi/a (Plate XLII, 
fig. 3), Somatochlora, ete. In short, the vein shifting of the Libellu- 
lide is far from reaching its maximum in this group. but a fairly 





Fic. 30.—WINGS OF AN UNDESCRIBED SPECIES OF Neocordulia FROM BRAZIL. 


advantageous arrangement of the veins has been attained, and redue- 
tion of unimportant and strengthening of important veins has pro- 
ceeded until the Corduline wing has become the equal in eflicieney of 
the best of insect wines and the superior of most others in its own 
family. 

Among Libelluline proper, Agrionoptera and its nearest allies seem, 
on the whole, about as generalized as any (Plate XLIV, figs. 1-3) in 
having eubitus and anal vein very moderately angulated before the 
triangle in the fore wing, slight recession of the triangle and a short 
anal loop iu the hind wing, and in the form of the wing as a whole. 

Passing up the series we find the triangles progressing along lines 
we have already pointed ont, the anal loop becoming foot shaped, and 
extending a support for the ever-widening anal area. When it was 
just becoming foot shaped, with a rudimentary " toe” meeting the hind 
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marein of the wing, the hind angle only moderately enlarged, special- 
ization hy reduction seems again to have dominated, producing a group 
of genera of which Macrothemis is a good exponent (Plate XLVI, 
tie. D). 

Then there is the important group of genera allied to Libellula, in 
whieh the branches of the media at their departure from the arculus ; 
are hardly fused. in which the narrowing and transverse elongation of | 
the triangle and the deflection of the anal vein before the triangle have 
progressed very far, but in which only a very moderate reduction of 
cross veins has oceurred (Plate NLVIID). The tendency of vein 25 * 
to become undulate is also a feature of this group. 

''hereis also the heterogeneous group of genera allied to Veurothemes, 
These will at least agree in exhibiting the highest degree of vein 
adjustment together with the lowest degree of vein reduction to be 
found in the series (fig. 15). i 

At some point in this series not remote from Celithemis (Plate d 
XLV I. fig. 2) may have set in the extensive reduction of cross veins > 
characteristic of a very large number of genera allied to Sympetrum. 
(See Plate XLVI, fig. 3, and Plate XNLVII, tig. 1.) . 

Another offshoot from near the same place, combining in a high 
degree both kinds of specialization, culminates in Zramea and its 
allies (Plate XLIX), which I regard the most specialized of Libel- 
lulinæ, if not of all Odonata. 

In the three last-mentioned groups there is a pretty adjustment of 
the second cross vein in the space between veins JV, and JJ, in oppo- | 
sition to the proximal end of the radial supplement. Plates XLV and 
XLVI and fig. 2 of Plate XLVII will show its increasing de finiteness 
and obliquity of position and the perfecting of the brace of which it 
is a third. part. the other parts being the supplement and the oblique | 





vein. A trivial character this? Indeed it is but a straw, yet it shows 
the way biologic winds blow. 


ZYGOPTERA. 


, 
[n this suborder we have aguin two families, the more generalized | 
abounding, as before, in venational experiments (if I may so speak), | 
some of which have been abandoned in recent times, the nore special! 
ized. being more homogeneous, characterized by a single principali 
trend in its wing development. The suborder as a whole has retained: 
in recent times two primitive characters, in the similarity of fore and 
hind wings^ and in the total lack of supplements. 

Al. Clopterygidee.— There are four fairly distinct types of venation 
in this family. the most peculiar of which is represented by the fossili 
genus fsophlebia (fig. 31). In this type the hind wing was as much 
dilated at the base as in the Anisoptera, but by very different means. 





— — — — — — — — — — — 


* For this reason we figure in most cases but one wing. 
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The support for the expanded area developed upon vein Cm, which 
was set off from vein Cu, by a long posteriorly directed stalk; sec- 
‘ondary branches developed upon the posterior side of vein Cv, radiating 
tothe wing margin. The anal vein did not join vein C. The stigma 
was unbraced, and the wings were deeurved at the tips, much as in the 
‘Petal urine. 
|! Among living Calopterygide the tendency has been to match cross 
veins in lines parallel with the veins, thus producing a large number 
‘of interpolated sectors between the principal veins. This has been 
carried so far that few vestiges of the primitively hexagonal form 
of the cells remain. This has facilitated (perhaps we should suy has 
accompanied) the throwing 
of the wine membrane into 
longitudinal furrows, and we 
find the sectors, in some 
forms. «alternately convex 
and concave even to the dis- 
tal margin of the wing. In 
those forms in which the 
furrowing of the membrane 
is most general we find the 
least tendency toward  re- 
duction of cross veins. Per- 
haps the fanlike folding of 
the membrane enabled it to 
resist bending and rendered 
unnecessary the differentia- 
tion of stronger veins for 
that purpose. 
tpillagine.—This group 
comprises the more general- 
ized living members of the ——— ' 
: . . FIG. 31.—BASE OF WINGS OF Jsophlepia (FOSSIL) IN PART 
family, especially in the Le- AFTER DEICHMÜLLER. 
gion Euphæa of de Selys, 
wherein the nymphs, so far as known, have paired gill filaments along 
the sides of the abdomen and have biramons mandibles. In this group 
the media tends to descend to the middle of the arculis, the nodus to 
recede moderately toward the base of the wing, and the quadrangle to 
lose the dividing cross vein. The quadrangle behaves similarly in both 
fore and hind wings. Zxeudophæa seems, on the whole, as primitive 
as any genus of the group (fig. 33). RA/nocypha and its allies (Plate 
LII, figs. 1, 2, and 5) constitute a short lateral series. De Selys long 
ago showed, from characters not drawn from the wings, that they 
constitute a distinct subordinate group, but he did not point out the 
venational characters in which they are peculiar, These will be dis- 
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covered by observing the behavior of the medial and cubital branches 
just after their separation. Just beyond the arculus veins Mis: and 
M, separate by arching in opposite directions, forming a symmetrical | 
fork. At the end of the quadrangle vein. M, arches forward, vein — 
(^i, sometimes arehing with it, and vein Cu, arches backward, the ¢ 
two thus becoming set in opposing positions. Vein Cu, remains f 


«imple. 
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Fic. 32.—WiNG OF Pscudophiwea sp? 

Throughout the group the stigma is well developed. In the space: 

between veins J, and JV, the longest of the sectors occupies an inter. - 

A DAC : j : : me a = l 
mediate position, with shorter sectors on either side of it. The South 
American Cyanocharis (Plate Ll, fig. 3) and D'icterias parallel the: 
next following group in the fusion ef vein JV, , with the radius beyond 


the areulus, but in general the group is wholly lacking in those: 


peculiar developments that characterize the two next groups. l 
Anisopleura, Epalluge (Plate LI, fig. 2). Buyadera, Cyanocharis (Plate ( 





Fic. 33.—BASE OF FOREWING AND A BIT OF HINDWING OF Rhinocypha sp? 0, OBLIQUE VEIN THAT’ 
WORKS THE POINT OF SEPARATION OF THE TRACHEA OF THE RADIAL SECTOR, 


| 
| 
| 
| 
Ll. fig. 2), Diphlebia, and Philoganga (fig. 44) illustrate a tendenc 
toward the reduction of the base of the wing, and toward a consider- | 
able degree of vein differentiation throughout the membrane. Thei 
general result is analogous to that arrived at in the Agrionina, 
discussed below. 

Vestalini.—ln all this extensive group the media descends the: 
arculus and departs from it in a line that is continued directly by 
vein JA. while vein Mi: arches strongly from its anterior side. The 


| 
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Vestalis (fig. 41), vein Mi+ reunites with the radius—completely fuses 
with it—only to separate again, after which its base appears as a cross 
vein and its distal end as a br Mo of the radius.“ The longest of the 
seetors between veins M, and M, closely parallels vein J/,, with all 
the shorter sectors before it. The stigma tends to atrophy, more 
| rapidly in the males. The quadrangle becomes unusually elongated, 
and is almost always convex on its anterior side and traversed by a 
number of cross veins, among which the identity of the typical one is 
never evident. Vein Cr, just beyond the quadrangle, sets off a recur- 


Tor is thus unilateral. In such genera as Culopteryr (fig. 34) and 
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Fig. 34.— Calopteryx macutata BEAUVOIS, FORE WING AND BASE OF HIND WING, 


rent branch for the support of the anal angle of the wing. The longer 
interpolated sectors tend to beeome attached as forks to the front side 
of the principal veins, and to become set in opposition to the same 
beyond the point of their attachment. Vestalis (fig. 41) illustrates 
well the culmination of nearly all of these tendencies. 

A short side line includes only //eter/nu and Lars. The tendeney in 
these is neither toward narrowing the wing-at the base nor widening 
it beyond; but it is found evolving a unique transverse wing brace out 
of the bases of the cubital branches. (Plate LI, fig. 4.) 


I— 


“Thus the radius gained its typical complement of branches, which enabled 
Redtenbacher to see in Calopteryx the form of wing from which all other Odonate 
wings might be derived! (Ann. k. k. naturhist. Hofmus. Wien, I, 1886, p. 167.) 
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The main line includes such forms as Phaon, Anars, Calopteryar 
(tie. 34). Venpobasis (fier. 43), and Vestalis (fig. 41). in which the 
tendenev is toward further vein adjustment without much further 
vein differentiation; attaching sectors to principal veins, and widening 
the wing distally. losing the stigma. 

Thorine.—Another type of venation is found in Zhore (tig. 35) and " 
its allies, a very circumscribed group, comprising but a few South 
American genera. De Selys long ago set this group apart upon an 
exeellent venational character, i. e., the media does not descend the: 
arculus at all. To this may be added. the media departs from the} 
arculus in line with its braneh M. while JV, arches strongly from its? 
posterior side, thus making a unilateral fork which is in position the: 
reverse of that of the Vestalina, : 
The longest of the sectors be-: 
tween veins JM, and M, closely: 
parallels vein JA. with all the: 
shorter sectors behind it. "The: 
basal curvature of vein JV, makes | 
, the quadrangle concave anteri- 

orly, and widest at the proxi 


En : N- | 
end. There is an odd ditter- | 








Gus entiation between quadrangles | 
Sore HTTTUTIIE of fore and hind wings, that of : 
LIT) the latter becoming twice the: 


length of that of the former. In: 
Cora (fig. 36) vein Cu, is almost 
simple; in Thore, Luthore, and 
Chalcopterys itis symmetrically i 
forked just beyond the quad- 
rangle. 

While in this group a form 
and general aspect of wing much’ 
like that of the typieal Calop- 
terygine has been developed, a 
comparison of the venational characters will show that the means” 
employed have been almost diametrically opposite. 

Some syuthetic types.—In Plate XLI, fig. 2, there is shown a new» 
ligure of the much-discussed Ldeophlebia superstes Selys, from Ja- 
pan—fore and hind wing of a female specimen, photo-enlarged. Ito 
Is by no means easy to indicate the nearest relationship of this isolated? 
species. Wing characters, like other characters, are contradictory. Iti 
agrees with the Lestine and with the more generalized members of? 
de Selyss heterogeneous and untenable Legion Podagrion in the form 
of the stigma and arrangement of eross veins behind it, and in the 
arrangement of the interpolated sectors in the space between veins 
M, and LM, and also in the obliquely placed quadrangles. It agrees 
further with Lestine in the possession of a long bridge terminated 


a! In Soporte 


Fig, 35.—BASE OF WINGS OF Thore gigantea SEL. 
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distally by an oblique vein. It differs utterly, however, in the form 
of the quadranele of the hind wing, in the remoteness of the nodus 
from the areufus, and in the relation of the areulus to the hypertro- 
phied antenodal eross veins. 

It agrees with generalized Gomphines in the last-named particular 
(compare with Plate NN XV, fig. 2). also in the general relations of 
bridge and oblique vein, and relations between areulus and nodus; 
but its quadrangles are undivided, and the hind margin of both wings 
is utterly unlike all known Anisoptera. In having a quadrangle that 
is obliquely placed, narrowing distally in the fore wing and widening 
distally in the hind wing and undivided in both, it stands entirely 
alone. 

De Selys pointed out when he described the species that it showed 
striking resemblance to the fossil genus //eferophlebia 
tunately, still insufficiently known. The quadrangle of the fore wing 
is, in fact, practically identical; and other parts of the wing, so far as 
known (whether there were hypertrophied antenodals is uncertain), are 
similar. But the quadrangle of the hind wing in /leterophlcebia is 
very different. The cubitus, instead of being declined before the 
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Fic. 36.—HIND WING OF Cora M — 


‘quadrangle as in 7^ alæophlebia, is bent at the middle of its posterior 
side, and from that point springs the dividing cross vein, as in Anisop- 
tera; and the cross vein is declined so far that it rests against the 
upper end of the terminal cross vein of the quadrangle. There is yet 
another point of difference, of perhaps even greater importance. The 
bridge at its inner end is directed toward and attached to vein M, in 
Heterophlebia, whereas it turns the other way and attaches to vein 
Min Paleophlebia and in all living Odonata. (Although in the 
more generalized Gomphinæ it is apparently symmetrically forked 
and not turned either wav, whenever the fork happens to be unsym- 
metrical the leaning is seen to be toward the anterior side.) This is a 
difference of kind that is not to be passed over lightly. 

L Jeterophlebia shares this peculiarity with one other genus, Tarso- 
| pAlebia, likewise fossil, and it is a strong bond of union between them, 
‘of more importance than their rather striking differences, these being 
‘mainly differences of degree.  Zursophicbia® has the quadrangles 


| a De eliula inem ian CERE belongs in Tursophlebia, as will be seen by com- 

paring Assman’s figure of the type (Zeitschr. für Entomologie, 1 (n. s.), 1870, pl. 1, 
fig. 11) with fig. 3 of Hagen's plate cited herewith. Heteropllebia jucunda Hagen is 
not a Heterophicbia at all, nor even nearly related thereto. 
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even more obliquely placed, similar in fore and hind wing, without | 
the dividing cross vem, and also without the basal cross vein, so that | 
the quadrangle is confluent with the basal space, much as in the fore | 
wing of fig. 38. The space between veins M, and M, is narrower also, 
with a different arrangement of interpolated sectors. These characters 
are well shown” by Dr. Hagen. to whom we owe our best knowledge» 
of these remarkable forms. | 

D. Agrionide.—This family is in. essential agreement in all those » 
venational characters which are most fundamental. The tendency — 
throughout is toward extreme reduction of the anal area, making the » 
wing " petiolate.” and toward the matching of cross veins in trans- - 
verse lines. The antenodal cross veins are almost always reduced to 
two. The nodus is greatly retracted and the quadrangle approxi- ' 
mated to it. The media does not descend the areulus. | 

Lest/nev.-—This group is quite unique in its own family in one charg 
aeter that has been already indicated, the radial sector fuses with vein 1 
JM, for a long space, and an oblique vein and a very long bridge, reach- | 
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Fic. 37.—WING oF Megaloprepus ceruleatus DRURY, 


ing more than halfway from the nodus to the areulus, are preserved. 
Nodus and quadrangle are but moderately approximated, and the match- 
Ine of cross veins seems only begun (see Plates LI, figs. 6 and 7, and | 
Lane 1). 
dLnormostiqimatiné,—In this curious group the radial sector leaves 
vein Mat the subnodus, and nodus and quadrangle are quite approxi- 
mate. The part of the wing beyond the nodus becomes very greatly 
enlarged, The stigma is never braced; on the other hand, it becomes | 
diffuse or is lost. Cross veins fall into transverse lines over a consid: | 
erable part of the wing (Plate LI. fig. 8), especially in the smaller 
species, and interpolated longitudinal sectors in Megaloprepus (fig. 21) ) 
and WMrerost/giua become attached. to principal veins, of which they | 
then appear as branches. In the space between veins J/, and M, the j 
longest sector parallels vein J/,. Here the retraction of the nodus 
toward the base of the wing and the migration of. the base of veini 
MM, outward toward the stigma have attained their maximum. — These 
are among the most grotesquely specialized of living insects.? 
“Paleontographica, NV, 1866, pl. i | 
’Since this paper was written the venation of the genus Thaumatoneuria has ] 
become known to me through Dr. Calvert's figures ( Diol. Centr. Amer., Neur., pl. 
| 
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| Agrionine.—TVhis group contains a larger number of genera and 
species than any other of equal homogeneity of venational character- 
stics. The radial sector leaves vein J/, near the nodus (sometimes 
following vein JM, in its migration along vein JV, toward the stigma), 
ind nodus and quadrangle tend to close approximation. Cross veins 
we generally matched in transverse lines, and the stigma is generally 
stron oly braced. 

! Two minor lines of development may be briefly indicated in passing: 
Dane, tending toward the loss of the branches of the cubitus— eina 
‘Plate LIII, tig. 2), latysticta (Plate LIII fig. 3). Disperoneure (Plate 
LIV, fig. 2), Alioneure (Plate LIV, fig. 3), and Canoneura (Plate LIV, 
hg. +); and a second, including nearly the whole of the group which 
laeked this tendency, but in which nodus and quadrangle become more 
ind more approximate, and the veins JJ/,, A, and M, migrate sepa- 
rately along vein JV, from their aceustomed places toward the stigma 
‘Plate LLI, figs. 4, 5, and 6), or in which progress has consisted in 


— — 
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FIG. 88.—W'iNGS OF Hemiphlebia mirabilis SELYS. 


mere reduction of cross veins and better matching of them in transverse 
lines, and in the perfecting braces at the nodus and elsewhere. 

This series furnishes in the genus //em/phlebia (fig. 33) a striking 
example of the loss of a cross vein that is elsewhere very constant—the 








tu, figs. 16 and 21). I think Thawmatoneuria belongs here; it has all the essential 
'venational characters of this group, and surely these are sutliciently distinctive. It 
is more generalized than Megaloprepus, in that vein J/, has made less progress along 
,vein M, away from the nodns, some vestiges of the primeval extra antenodal eross 
veins are preserved, most of the interpolated sectors are still unattached to the veins, 
‘and the stigma is larger and better preserved. It is a curious and probably significant 
fact that in the two series of Zvgoptera—V ESTALIN.E. and ANORMOSTIGMATIN.E—in 
which the long sector between veins M, and M, parallels JM, should be the only ones 
sin which the stigma progressively dwindles and disappears. It is conceivable that 
the stigina might lose importance for want of the support that this sector would give 
if approximated to it at the apical bend. Perhaps the concavity on the costa in 
Mecistogaster lucretia (Plate LI, fig. 8) and the conjoining and the sharp bending 
backward of the veins behind it may be a unique way of supplying such deficiency of 
| bracing, preserving the utility of the stigma as a weighted striking point toward the 
end of the eutting edge of the wing. 
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cross vein forming the lower end of the arculus.© This is entirel 
absent from the fore wing of the males; it is present, however, in th 
hind wine of both sexes, and often also in the fore wing of the female 
The loss of this eross vein has resulted from a shift of other veins an 
a consequent shift of responsibility in stress of wing stroke. "TE 
symmetrical fork formed at the separation of veins M, and AM, (eli 
where always unilateral unless the for k be very narrow) and the upwar 
bend of the anal vein at its departure from the hind margin, to mee 
the eubito-anal eross vein and the very considerable progression of tk 
areulus beyond the second antenodal, are the vi isible signs of the reac 
justment which has relieved the basal side of the — — of i 
former responsibility. 

It is needless to remark after observing the form of the wings, the 
among the Zygoptera there are no strong flying species. Most ¢ 
them fly so low over the surface of the water that their winge 
enemies can not safely descend to their level. The Lestine live ami 
sheltering semiaquatic vegetation. Vestaline seem not to be desire 
for food: their coloring may suggest that they are not good cating 
The action of the wings is that of sculling solely; only the distal po 
tion of the wing which takes the active part in insects’ light is we 
developed. There is no soaring basal aeroplane, as in the Anisopter: 
to support the body passively by merely gliding upon the resistant ai. 

] offer below a scheme of subfamilies for the order, which seems t 
me to be, in the Heht of the evidence that present knowledge of ven: 
tion affords, an approximation toward equivalent values for the: 
eroups. The weakest distinction seems to me to be between the Co - 
dulinæ and the Libellulinsie; the most doubtful association of recer 
forms that of Cordulegaster and Petalia together. The fossil group. 
seem not only more isolated but also more stronely characterize 
structurally than the others. 


i 


Gomphine (recent and fossil). 
Petalurine (recent and fossil). 
NStenophlebine (fossil). 
Cordalegasterine (recent and fossil). 
Chlorogomphing (recent). 

aFschninæ (recent and fossil). 
Aschnidiine (fossil). 


l . Macromiine (recent). 
Libellulidie. | 9. Corduline (recent and fossil). 
10. Libellulin: (recent and fossil). 
12. Palwophlebin:; (recent). 
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Esehnidæ. 
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11. Heterophlebinwe (fossil). 
B ie 13. Epallaginiw (recent and fossil). 
14. Vestaline (recent). 
Zygoptera. — 
— 15. Thorinw (recent). 
NOT (16. Lestin: (recent and fossil). 
U7. Agrionme (recent and fossil). 








«This arenlus cross vein is absent in the fossil genus Tarsophlebia as already note 
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V. DYNAMIC CONTROL IN VEIN EVOLUTION. 


EL URSI 


So numerous are the evidences that veins are largely controlled in 
heir development by purely mechanteal causes, it would be impossible, 
vere it not also undesirable, to enumerate them here. We have come 
ipon parallelisms at every turn. We have seen essentially the same 
aechanical feature of efficient wings made out of homologically dif- 
erent things repeatedly. But the adult wing is only a machine, and 
his was to have been expected. It remains now for us to notice a few 
leatures which indicate the operation in these wings of far-reaching 
nechanical principles. 

It is not at all surprising that we should find the first regular form 
aken on by the areoles of the wing to be hexagonal. The hexagon is 
»ature's favorite plane figure, and there isa good mathematical reason 
vhy it should be so: economy is a good biological reason. We have 











| 
"IG, 99.—DIAGRAM ILLUSTRATING A TYPICAL (HYPOTHETICAL) ARRANGEMENT OF THE AEROLES IN 
l ONE OF THE WIDER SPACES OF THE WING. 


l 
lready shown that bordering, straight veins eliminate certain angles 
E the hexagons, converting them into pentagons and rectangles. We 
dass now to notice the arrangement of the areoles in the wider areas 
Xf the wing, where least influenced by the veins. The spaces between 
wincipal veins or branches of veins, widening distally, are filled prox- 
mally by a single row of rectangles or by a double row of alternating 
»entaeons. Actual hexagons are present only when there are three or 
nore rows of areoles included. The first cell in each added row is 
ypieally a pentagon, which presents an angle to the cleft between the 
'eparating rows of areoles and a straight side to meet succeeding hexa- 
rons. A triangle or a heptagon would of course do the same, but 
iot with so little disturbance of surrounding hexagons. Opposite the 
nitial pentagon an areole in one of the preexisting rows acquires an 
additional side, becoming a heptagon (or a hexagon, of course. if it 
vere first a pentagon). Thus pentagon and heptagon are complemental, 
nd together initiate new rows of cells with the least possible disturb- 
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ance of the series of hexagons. The accompanying diagram (fig. 8f 
«hows the ideal cell arrangement. y 

I hasten now to add that a perfectly typical arrangement of th 
areoles throughout a single entire space ina dragon-fly wing I hay 
not found, although it is easy to find in many of the more generalize( 
forms ample evidence of the operatio: 
of the principle. The acconrpanying 
drawing (fig. 40) of parts of actua 
wings wil serve for illustration. 
have made no hunt for better, for thes: 
show. also, why the typical conditio: 
ts so early lost. Accessory trachea 
branches penetrate along broken line 
of cross vens, bringing them into line 
then supplements are superadded, an’ 
the havoc of the hexagons is complete 
Enough of the typical arrangement fo’ 
recognition is to be looked for only i 
wines lacking strong accessory traches 
branches and supplements. | 

Tissue cells often appear hexagone 
in section, and when crowded into sin 
ilarly shaped areas, often behave a 
do these areoles of dragon-flies’ wings 
The histologist who looks over the plate 
accompanying this paper will not fa 
to see here and there groups of areold 
showing conformation entirely compar 
able to familiar images of tissue cell: 

Coming now to some points whie 
have to do probably only with wing 
and with aerial navigation, we reea 
that a form of wine broad at base an 
narrow and pointed at the apex, we 
known for its eflicieney in insects ger 
erally, we have seen developed twid 
upon two very different plans, culm 
nating in laar and runea respectively. Both have adjusted th 
wing apex to a degree of rigidity on the costal margin. and of pliane 
behind it, which eives the greatest resultant in forward motion fc 

a€ Dr. R. T. Jackson has shown (Bull. Geol. Soe. Amer., VIII, 1896, p. 164) that tl 
interambulacral plates of sea urchins are potential hexagons, that the border roi 
are penugons—hexagons, with one angle eliminated, as here—and that pentagon ar 
heptagon together initiate new rows of plates. Practically the only difference betwet 
the typical arrangement of these areoles and that of the interambulacral plates, 
figured by Dr. Jackson, arises out of the difference in the shape of the areas to be oce 
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rapid vibration in air. Both have developed at the wing base close 
against the body a broad soaring surface, an aero-plane, which in 
rapid fight supports the weight of the body upon the resistant air. 
Wings of broad base and pointed apex are characteristic of other 
insects of rapid flight, but in most others (hawk moths, cicadas, bees, 
ete.) the two wings are united and used as one. The basal expanse is 
seeured by shortening the hind wing and directing it posteriorly. 
Different as are the wings of birds, these also are sharply pointed in 
the species of swiftest flight (ducks, swallows, ete.). I can not state 
the aeronautic principle involved in the pointed wing, but I ask no 
better proof of its existence than is furnished by the efficiency of 
such a wing and its repeated Independent development. 

| In the arrangement of the principal veins we have called attention 
to the fact that the Odonata, except in the earliest stages, differ very 
widely from all other insects. There is hardly a group from which 
they difler more in fundamental plan than the Ascalaphide. The latter 
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FIG. 41.—WING oF Vestalis amoena SELYS. 


i 


have the radial sector enormously developed and in its accustomed 
place, occupying the central field of the wing. while the media is 
greatly reduced; in the Odonata the development of these parts is 
reversed and the radial sector is out of place. The differences at the 
costal border of the wings is so great that I will only invite compari- 
son of the Ascalaphid wing in Plate XXXVI., fig. 2, with the wing of 
any dragon-fly. If now. without reference to homologies, we examine 
this wing of ae. we will see in it familiar mechanical features. 
(1) From the stigma there extends obliquely across the wine tip to 
the posterior margin a vein which occupies the position, and probably 
performs the function, of the vein M,a in the Odonata. (2) Inter- 
secting the wing obliquely, so as to mark off a basal posterior third 











pied in the two cases. In the echinoderm the area is symmetrical, and new rows are 
introduced alternately on the two sides. In the dragon-fly wing the space is uni- 
lateral, as shown in the diagram, and the rows are introduced chiefly upon the 
anterior, convex side. The principle is the same; but we should not omit to notice 
how different are the two things whose arrangement it controls—in the one case, 
solid plates; in the other, a mere rim of solid matter surrounding an almost empty 
space. 
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of it, are two parallel veins, separated by a single row of cells, a 
ogous to the veins M, aud M, in the Odonata. (8) Behind these isa 
transverse bracing of the basal part of the wing, an: alogous to the 
triangle in the Anisoptera, and to the special braces bevond the quad. 
rangle in La/s and /eterina. . 


SN ate T 
x i z A i 
1 d 2 "- 8 


Fig. 42.— DIAGRAM (HYPOTHETICAL) OF THE EVOLYTION OF A BRACE FOR A UNILATERAL FORK; 1, 278. 
SUCCESSIVE STAGES. 


We have shown that the brace vein to the stigma and the supple 
ments. ete., are independently developed in several groups. We haw 
shown that the seetors interpolated between the tips of veins in severa 
eroups have become attached to veins, making the latter appear forked 
Our illustrations of this were veins s in the Aeschnine, and vein 
M, and LV, in Chalcopterys (tig. 22); but if one wishes to see how fa 
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Fic, 43.—Wr1NGs oF Neurobasis kaupii BRAUER, 


this process has been carried on independent lines, let him examin 
such wings as those of Megaloprepus (fig. 31) and Vestalis (fig. 41). 
There is one frequent tendency toward purely mechanical improv 
ment of which we have given bnt a single example—the bridge, joinm 
the radial sector to vein J/,+,. It is manifest always in a brace ¢ 
the same kind as the one which we have technically designated as th 
bridge, and is formed at a point where a branch springs from the sid 
of a straight vein and then bends parallel. The accompanying diagra 
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| (fig. 42) shows how such a brace ts evolved out of the boundaries of 
ordinary cells. 

| This brace joins the main vein with the elbow in the branch, thus 
'eorrecting the mechanical weakness of the unilateral fork. Aside 
frdm the bridge, such a brace is developed in Rhinocypha (fig. 33), 
extending the attachment of vein Æs along vein M, +, toward the 
areulus;^ also, in Chalcopterye and many Calopteryginw; again, at the 
proximal end of vein M, in Neurobasis (fig. 43) and a few closely 
related genera, as it was, also, in some fossil species referred to 
':StenopAMebia; again, at the proximal end of vein Ma in JI Yaszeschna 
| pentacantha (Plate XXXIX, fig. 1) and many other Anisoptera, in 
which, however, it is, as a rule, imperfectly developed or not developed 
'at all; and again in Ploganga montana (fig. 44). The bridge itself 
‘seems to be still extending proximally in some Lestinz (Plate LI, 
fies. 6 and 7, and LIII, fig. 1), its slender proximal end being often 
‘unattached to vein JE, 4 ,. 

: Here we have strong side light upon the early history of that most 


distinetive peculiarity of dragonfly wings, the crossing of the radial 
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Fic, 44.—WING OF Philoganga montana SELYS. 


sector over two branches of the media and the development of the 
bridge. Why this crossing should ever have taken place is left 
entirely unexplained. That it was established very early in the his- 
tory of the group is indicated by its occurrence in very early nymphal 
life, crossing being no longer possible after the internal fusion of the 
hypoderm cells to form the tracheal channels. But. once across, it 
formed a weak unilateral fork upon the posterior side of vein M, 
while occupying a field where strong developments were possible. 
Hence a strong bridge was evolved for its support, and the develop- 
ment of the bridge doubtless followed the lines we have just indicated. 
The proximal end of the bridge in most living species joins vein M,- 
direetly, but in most Gomphin:e it appears as if forked, and in the 
fossil Heterophlebin:w it joined vein M, directly. 

[n the singularly isolated fossil genus Stenophleb/a, whose venation 
has been figured in a very detailed manner by Hagen," there is a con- 





alt will he remembered that the trachea Rs here springs directly from tracliea 
M,+,. The oblique vein (o, fig. 34) marks the place of its origin; on the proximal 
side is the added brace (^r^). 

bIt will be observed that this brace is better developed in the fore wing than in 
the hind in Neurobasis; similarly, the other brace just mentioned ior CAaleopterir; 
two further examples, therefore, of unequal development of fore and hind wings. 

¢ Paleontographica, XV, pl. 111, fig. 1. 
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dition of the crossing of the radial sector so curious one hesitates af; 


attempting to explain it on the ground of published figures that were | 
drawn without ontogeny in mind. It looks as if, a little beyond the 
nodus, the radial sector had crossed over but one branch of the media 
and had then developed a short supporting bridge; as if a stage a little 
less primitive than that shown for trachew in fig. 1, Æ, had been the: 
permanent condition in this genus. But perhaps the interpretation of) 
homologies given by Hagen is correct (naturally it is the only one thati 
would occur to him), in which case the bridge is developed as a snp-: 
port to vein M, and the radial sector is shifted proximally at its: 
buse—a very curious state of things for Anisoptera! And Stenophlebia\ 
is distinctly anisopterous, notwithstanding its lack of differentiation: 
between fore and hind wing. Aside from the characters just dis-: 
cussed, it is a very curious form in its sickle-shaped wing tips, its; 
dislocated nodus with the subcosta descending upon the radius, 
its undifferentiated subtriangles, its triangles transversely placed im 
both fore and hind wings, and its remarkably developed trigonali 
supplements. 

If I mistake not, it is to the readjustment of stress after the crossing 
of the radial sector that is due the curious bendings of veins J/, and 
JM, in many fossils (notably in Cymatophlcbia), in some living forms 
of ancient aspect (ZA y//opetal/a, tig. 26, and Chlorogomphus, tig. 24, 
etc.), and in some of the more generalized members of groups at present 
dominant (Gompheschna, Plate XXXVII, fig. 1; Didymops, Plate XLD 
fig. 2, ete.). This bending is very different from the undulation of the 
radial sector in certain Libelluline. This is primitive, defective, and 
early disappears in the dominant groups, or becomes transformed into 
something very different and more useful. That other is recent, local, 
and is but one among several factors in the bracing of the wing area 
in which it occurs. 

When vein. C» became unilateral on its posterior side, the weakness 
of this fork was corrected by the apposition of the distal end of vein 
vie | 
It must be borne in mind that dynamic control in vein development, 
dynamic genesis, or whatever we call it, may be but the result of the 
natural elimination or subordination of those variations which do nob 
tend toward the mechanical perfeeting of the machinery of flight. 


V]. SUMMARY AND CONCLUSIONS. 


I. In the course of this study I have come upon numerous mani 
festations of developmental dynamies: 
(a) 1 have shown the operation in dragon-fly wings of far-reaching. 


“This type of bracing, which is so confusing of homologies as generally to require 
ontogenetic study for their unraveling, is of very common occurrence near the apex 
of grasshopper wings. 





| mechanical principles, in accordance with which the potentially hex- 
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agonal areoles of the wing are arranged in the spaces they must 
occupy, as are other wholly unrelated potentially hexagonal struc- 
tures in other organisms. 

(b) I have shown that there is developed in this group. several 
times independently, a form of wing that is elsewhere nost efticient— 
a wing broad at base and long and pointed at the apex, rigid at the 


; front and pliant toward the rear margin—a wing combining the prin- 


| 


ciple of the aeroplane with that of the scull. 
(c) I have shown that the development of wing braces follows 


'strietly mechanical principles, analogous braces being repeatedly 


developed out of homologically different parts. Many examples have 


| been cited within the order, and one without, in the comparison of 


| 


; 


Odonate and Ascalaphid wings. 
2. In this study I have indicated processes concerned with the 
development of these wings which will probably be found affecting 


_ the evolution of insect wings in general: 


| 


(a) I have shown that there are two kinds of specialization in 
operation throughout the order—vein shifting, concerned with secur- 
ing advantageous position of the parts. and vein differentiation, con- 
cerned with the strengthering of the most important veins by an 
economical use of all strength-vgiving wing material. The former 
alone seems to have been made use of in venational studies hitherto; 
the latter is often a more sure criterion of the degree of specialization. 

(b) I have offered a hypothetical explanation of the progressive 
differentiation between veins and membrane. 

9. In the study of dragon-fly wing venation only the comparative 
anatomy of the adult wines has been drawn upon hitherto. I have 
added the ontogenetic method, beginning my study of the veins with 
that of their antecedent trachee. I have found this method to fur- 
nish most satisfactory evidence as to what was the primitive position 
of the veins in almost every part of the wing for all the principal 
groups of the Odonata. This, followed bv careful study of adult 
wings, both recent and fossil, has enabled me to make some slight con- 
tributions to Odonatology proper: 

(a) I have for the first time homoloygized in detail the parts of the 
dragonfly wing with those of the wings of insects of other orders, 
applying the simple Redtenbacher terminology, retaining the special 
terms already in use for parts not represented in other orders, simpli- 
fying some of them, and adding a few new terms for parts not hitherto 
designated by nume. 

(^) Homologies within the order have been pretty well understood 
for a long time, thanks to the labors of many able entomologists, 
among whom may be mentioned Hagen, Walsh, and especially that 
lifelong student of this order. Baron de Selys Longchamps. In 1593, 
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Calvert critically reviewed and correctly stated the matter, adding | 
some results of his own. 1 have been able to extend the study ot 
homologies in a few parts, such as the region of the bridge, the sup- 
plements, the anal area, and several spaces in which special bracings 
occur. In these places oecur the most distinctive venational features 
of the smaller groups. 

(o) Incidentally, I have shown something of the relative values of j 
the different. characters that have been used hitherto to distinguish. 
eroups. Characters drawn from the form and position of the arculus | 
and triangle and other strong braces have always proved reliable, but i 
it is very clear that antenodal and other eross veins have been ereatil 
overvalued, and it is equally clear that many other more importanti 
venational characters have not been noted. It is not the presence or 1 
absence of weak eross veins, but the position and relations of those that | 
strongly brace the wing; not the number of rows of areoles that may v 
fill a wide area, but the course of principal veins and of their sup- 
porting sectors, that are of first importance. | 

(d) 1 have been able to indicate many new minor lines of speciali- 
gation within the order, and to add new aud corroborative evidence to 
some lines already indicated by Kolbe, Karsch, and Calvert. Owing | 
to the presence in these wings of a number of characters which may 
vary independently, for each of which primitive conditions are easily 
determined, and in each of which the several courses of specialization 
are easily traced, | have often been able to put forth conclusions 
based on the cumulative testimony of several parts. F have attempted 
to find such genealogic evidence as is preserved—not to create any 
and have been content to drop, without any suggestion that might | 
hinder future studies, cases in which evidence from wings alone seemed 
insuflicient. But 1 have not hesitated to indicate relationships when [ 
these seemed well evidenced by the facts of venation. 

4. Following my morphological study of the order with a review of | 
its members, as distributed among the several families and genera, T | 
mention some facts which might themselves serve independently as 
biological indications of specialization: 

(4) A large group of closely related species, numerically doniinant | 
in its proper range, indicates the culmination of some type of speciali- 
zation, "This may affect either the nymph or the adult or both. 

(^) Small and scattered genera, which include only the more rare and 
delicate species, are pretty apt to be the conservators of numerous 
generalized characters. However, since development has not stood 
still with any species, certain marks of specialization will also always 
appear. 


(Trans. Amer. Ent. Soe., XN, pp. 162-169. The papers therein discussed, together 
with the few referred to in footnotes to these pages, constitute the whole of the use- 
ful literature of Odonate venation, hence no bibliographie list is hereto appended, 
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| (c)) Set apart from any group its dominant forms and there will 
remain those members of it which most closely ally the eroup with its 
neighbors. 

1 5. What of genealogies based on external characters / 

| In this paper we have been dealing almost entirely with external 
characters—superticial characters, viewed from the standpoint of the 
physiologist. But hard parts, euch dead, are the enduring mold 
lin which the living being is cast, and represent the outcome of its 
struggle with environment. "Therefore we may make more use of the 
principle of natural selection than is usually possible in the ordinary 
morphological work, having frequent recourse to the almost axiomatic 
principle that ** useful struetures once acquired will not be lost (other 
things being equal) in a single series, unless replaced by more advan- 
tageous structures.” This is but a partial paraphrase of the more 
mu statement of the principle of natural selection, which may itself 
be condensed into three words—utility determines survival. 

| In order to apply this principle, we have, therefore, to know that 
the structures whose development we are tracing are useful struc- 
tures. The proof of their utility may be derived from various sources. 
‘Take, for illustration, the brace to the stigma, which, we have seen, is 
dev Moped from an or due Cross vein: 

| (a) Its efficiency may be demonstrated mechanically, "This I have 
not done, though it would not be difficult. 

(b) It may be demonstrated experimentally. This I have done (on 
Agrionine) by cutting out a little piece of the brace in each wing and 
noting the resulting weakening of flight. 

(c) It is demonstrated biologically by the success in life of those 
forms which possess the brace. They are the dominant members of 
their respective groups, being in numbers of specles and of individuals 
vastly in the majority. W ith creatures absolutely dependent on their 
wings in mating, in feeding, and in escaping their enemies, this is 
ample demonstration of the efficiency of the wings as a whole, and, 
incidentally, of each part that is found here better developed than in 
the less sueeessful members of the series. While this proof is less 
specific, while one may not learn from it the contribution any one 
structure has made to the excellence of the wing as a whole, it is the 
real proof after all. 

(d) I ask no better proof of the efficiency of any structure than is 
furnished by its repeated independent development in those forms 
which are acknowledged to be the most specialized members of the 
several groups. 

By these means we may arrive at some knowledge of the efficiency 
even of structures about whose use we know so little as we do of the 
several parts of the insects wing. 

The application of the principle above stated furnishes the means 
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for eritical determination of the course of specialization. For instance 
forms with unbraced stigma are not to be derived directly from othe 
forms which have the stigma braced; and so for every other useful? 
structure: and so for every stage in the development of each. Wher | 
the records of the several parts (or of the several organs) agree, the | 
arrangement of forms is simple enough. When they conflict—when 
one form is specialized in this character and the other in that—we 
are dealing with different lines of development, and the group is to 
be divided on the most ancient or fundamental character concerned. 
When a number of characters in disagreement seem of equal impor- 
tance. with no preponderance of evidence in favor of any one asa | 
basis fora first division, only a tentative arrangement of the groups, 
subject to change after study of other parts (or organs), is possible. 
Even when a number of characters are studied and all are in accord, , 
and a small group may be arranged with confidence, evidence from ı 
additional parts or organs may show the group to be somewhat less : 
homogeneous than it at first appeared. It is obvious that in a genea- 
logic study that organ or part is most valuable which possesses the 
largest number of characters of which one may be sure he knows both 
primitive form and secondary conditions and characters, which may 
vary independently. 

It is probable that every single funetional organ exhibits develop- 
mental features that are characteristic of even the smallest groups, and 
that the true record of relationships is preserved in every organ if we 
could but read it. While a elassification based upon a single organ 
is necessarily incomplete, the necessity for the incompleteness arises 
out of our Inability to interpret or even to see the significant features. 
While a classification based on one organ is necessarily incomplete, 
it is not necessarily incorrect. It will at least be self-evident that the 
classification which must prevail because it expresses the concurrent 
record of all the parts will be hastened by the serious and careful 
study of each character singly, to determine the facts of its origin, 
development, and utility, and to trace these facts to their logieal and 
necessary conclusions, 

6. This is only a beginning of what should be done in the study of 
the venation of the order, The distinctive group characters need to be 
known, not for whole wings alone, but for every part of the wings. 
The results worked out in this paper are not specific enough to meet 
at least three immediate, practical needs. It is frequently necessary 
to determine fragments of wings: 

(v) In food studies. 
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(^) In the study of unknown nymphs, whose developing wings con- 
tain the full outline of the venation of the imago. Such wings are 
often imperfectly preserved and are to be removed only in fragments. 
Their correct determination makes the most exacting deniands on one’s 
knowledge of venation. | - 
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(c) In the study of fossils, that are oftener fragmentary than other- 
wise and that present no other characters so well preserved. From 
the standpoint of pure science, the need of better knowledge 15 greatest 
here. The present systematie arrangement of the known fossil Odo- 
nata is a miserable jumble, and some statements that have been drawn 
from it in a number of books and papers on geographic distribution 
are quite misleading. Instances have already been cited of fossil 
forms that are referred to the wrong suborder. There have been some 
greater und many lesser unnecessary errors of reference. | LibelTul i uin 
kaupii Westwood is probably not a dragonfly at all, while Zemero- 
boides giganteus Buckman is a dragontly of the subfamily Isophlebinze 
(as may be seen by comparing Buekman's figure with the forewing of 
fig. 31), and not a huge hemerobian, as has been supposed. Zibellu- 
lium agrius Westwood belongs in the ZEschnidi, being in every detail 
that Westwood figured diametrically opposed to Libellulide. Libel- 
lulium antiquum. Brodie belongs in the JEschnidiinie, and so also does 
the Æschna flindersiensis Woodward. The only fossil -Eschna that 
seems to fit that name in the modern sense of it is 277. soleta Scudder. 
Eiehna separata Seudder and Æschna metis Heer, especially the latter, 
which was improperly removed to Anar by Hagen, will go in //oplo- 
neschna. .Fxchna perampla Brodie and .Eschnu hageni Heer, judged 
by poor figures, will hardly go in the ZEschnine. —- Nfenogomphius car- 
letoni Scudder,“ which was independently determined by the two most 
distinguished students of the Odonata, de Selys and Hagen, to be 
nearest Gomplhoides stigmatus (Plate XXXIII, fig. 2) among living 
forms. and which stands as the only known American fossil Gomphine, 
is in fact a Libellulid in every line, and had the hind wing been pre- 
served no one would have thought it a Gomphine. 

While it would be manifestly impossible, owing to defective preser- 
vation, to refer fossils, in most cases. to genera of such thin cleavage 
as modern practice allows for recent species, it is very obvious that 
anew study of the types of the older authors would help much toward 
a better arrangement of our system. New figures of these are espe- 
cially needed. Mr. Seudder's figures are the only ones that I have 

found entirely reliable. All others show omissions or alterations of 
unnoticed characters of eritical importance. For instance, the oblique 
vein, even in Hagen's drawings, is rarely shown. This is not surpris- 
ing, so long as it was regarded merely as one of a row of cross veins; 
but it is disconcerting in a study made from the ontogenetic stand- 
point. When the structural characters that are actually preserved by 
fossils already in collections have been fully interpreted, we shall 
know much more concerning the history of the group. Generalisa- 
tions ean not safely proceed faster than the development of real 
knowledge. 
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EXPLANATION OF PLATES 
Puare XXXI. Nymphal wings (photomicrographs), 


Wings of Gomphus descriptus Banks, nymph full grown. 

Wing of Lestes rectangularis Say, grown nymph, showing the radial sector 
attached to the median trachea. 

Portion of hind wing of young nymph of mae junius Drnry, previous to the 
development of any veins, showing the first indications of bridge, triangle 
and anal loop. 


Puse XXXII. Nymphal wings (photomicrographs). 


Small portion of wing of a nearly grown nymph of wlace junius Drury, with 
veins developing, showing the formation of the radial supplement (A. 
suppl.) and of the brace vein between veins 77, and AZ, 

The basal part of the fore wing of a nymph o£ Lanthus parvulus Selys, show- 
ing the formation of the areulus and the triangles. 

The nodal region of the same wing, showing the formation of the bridge and 
the oblique vein. 

PLATE AON 


Wings of Gomphus dilatatus Rambur. 
Wings of Gomphoides stigmatus Say. 
Wings of Aphylla producta Selys. 


PLATE A NEY. 


Wings of Cyclophylla diphylla Selys. 
Wings of Progomphus obscurus Rambur. 
Wings of Gomplhidia sp? 


PATENS 


Wings of Gomphus vulgatissimus Linneeus. 
Wings of Hemigomphus ochraceus Selys. 
Wings of Lanthus parvulus Selys. 


PENATEN NANNI 


Wings of Tachopteryr thoreyi Selys. 
Wings of lula sp ? (from Brazil). 
Hind wing of Hemianar ephippiger Burmeister. 


PLATE AAA yie 
Wings of Comphæschna furcillata Say. 


Wings of Basiwsehna janata Say. 
Wings of Boyeria irene Fonscombe. 


PLATE NN ASI 


Wings of Hoplonaschna armata Hagen. 
Wings of Brachytron pratense Müller. 
Wings of “Eschnophlebia anisoptera Selys. 


PLATE XN 


Wings of Nastersehna pentacantha Rambur. 
Wings of Stavrophlebia reticulata Burmeister. 
Wings of Gynacantha trifida Rambur. 
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| BEATE NIS. 


‘Fig. 1. Wings of Eschna californica Calvert. 
2. Wings of .Zschna ingens Rambur. 
3. Wings of Anar Junius Drury. 


PATE XLI. 


Fig. 1. Wings of Synthemis brevistyla Selys. 
2. Wings of Didymops transversa Say. 
3. Wings of Palwophlebia superstes Selys, female. 


Prare XLII. 


Fig. 1. Wings of Neocordulia androgynis Selys. 
2. Wings of Ovygastra curtisii Dale. 
3. Wings of Hemicordulia tau Selys. 


lump N CITI: 


Fig. 1. Wings of Gomphomacromia paradoxa Brauer. 
j 2. Wings of Nannothemis belia Uhler. 
3. Wings of Perithemis domitia Drury. 


ITE N LIV. 


Fig. 1. Wings of Agrionoptera insignis Rambur. 
2. Wings of Anatya guttata Erichson. 
5. Wings of Raphismia bispina Hagen. 


PEATE XLV. 
Fig. 1. Wings of Pseudophlebia minima Kirby. 


2. Wings of Diplacodes parvula Rambur. 
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do. Wings of Mesothemis simplicicollis Say. 
Beate XI VI. 


Fig. 
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Wings of Macrothemis celeno Selys. 
Wings of Celithemis eponina Drury. 
Wings of Leucorhinia intacta Hagen. 
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Pirate A LVII. 


Fig. 1. Wings of Pachydiplax longipennis Burmeister. 
| 2. Wings of Ephidatia longipes Hagen. 
3. Wings of Paltothemis lineatipes Karsch. 


PLATE XLVIII. 
Fig. 1. Wings of Orthemis ferruginea Fabricius. 
2. Wings of Belonia uniformis Kirby. 


3. Wings of Libellula pulchella Drury. 


PLATEA LIN. 


Fig. 1. Wings of Schizopyga luctifera Selys. 
2. Wings of Tauriphila iphigenia Hagen. 
3. Wings of Tramea onusta Hagen. 
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Piste i 


Wings of Trithemis sp? 
Wings of Uraeis sp? 
Wings of Pantala favescens Fabricius. 


PUSERESETD 


Wings of Pseudophaa ochracea Selys. 
Wing of Zpallage fatima Charpentier. 
Wings of Cyauocharis ralga Needham. 
Wing of If terina sp? (from Brazil). 
Wing of Rhinocypha trifasciata? Selys. 
Wing of Archilestes grandis Rambur. 
Wing of Megalestes major Selys. 

Wing of Mecistogaster luevetia Drury. 


Pirate. ioe 


Wing of Micromerus blandus Selys. 
Wing of Libellago caligata Selys. 
Wing of Pseudophaa sp? 

Wing of Epallage fatima Charpentier. 
Wine of Rhinocypha sp? 


PLATES 


Wing of Lestes tricolor Erichson. 

Wing of Pulwmua sp? (from Trinidad). 
Wing of Platysticta maculata Selys. 
Wing of Philogenia s]? 

Wing of Argia fumipennis Burmeister. 
Wing of Heterugrion flavovittatuin Selys. 
Wing of ctariocaenus pulrerulaus Selys. 
Wing of Amphipteryx agrioides Selys. 


Prater LING 


Wing of Tutocnemis inalgassicn Kirby. 
Wing of Disparoneura sp? 

Wing of 7dioneura ancilla Selys. 

i Cienoncira carnatica Selys. 
Wing of ZTesperagrion heterodoximm Selys. 
Wing of Enullagma annexum agen. 
Wing of Erythragrion salrum Hagen. 
Wing of Nehallennia irene Hagen. 
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